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W b d  to do in case of an air burst = .  
AREA OF DAMAGE WIDESPREAD 

LASTING RADIATION SLIGHT #= 
Fird, obey authoritier Radiologird defeav per. 

aonml, mined in defensive upeels of atomic warfare. 
wil l  know LKn what you h u l d  do. Remain calm. 
Any pnnie or hysteria will add to pouible confusion. 
Even if rmdlolo~iul d d e n u  advisors are not present, 
C..IWO wnc will hrip yom to protea yourmelt. Try 
ta mademand wbar atomic encry b. Many people 
v&d rudinr .bout his ubjert. They think it ii a compttabd, or secret, or mpterionr The pneml 

P:-.pkMcia .I m m i c  enerp d atomic wadan CUI 

ba .ndentood by anyone w b  will u k c   he time and + tk lMlca Many 4 d d u  have bna pub 
lbbcd .d u e  availablo in llbmrin .ad &where. 
Tts Abmk Enew C o d d a m  r e p ~ l d y  publishes ' ffomaka r h i h  b euily nnderaood and whkh is 
a a n l m  d up lo dace. 

!: 
~ il m early warning .I UI annk ii given, 
.m ta d a d p i e d  shelten or disperse aa direc~ed by 

.' yoor d l  ammander. Your help will be needed 
.Ihr M .silwion ocam,.am M e n  ewfui iy  to your 
cIII.du.l hlruet ionh 8. may tell you where to 

.hr rb. explosioo mun, or whnt duties 
u. ap*ad to poriora Rcmeniber t h t  6m 

Wte~, ramn sqmdq ltradcr bearem, nrerking 
crr+n, md others will be needed to help minimize 
m a h i a  a d  &map. 

mid, U &em hu been n. u r l y  warning, but only 
m .hr drt Ldiatcl M immcdhe attack i i  expected, 

kj E y  te I.b emw. An air nld &Iter, a deep bucment, 
* a .Id p . d  &her. Remember that M 

explodom ia d m i h  I. a ordinary explosion 
..ap fer ib rlr u d  rb. .dlrl rmdiation effect. The 

&cd, .ad in mosl . Rdir*a b.nd d b. 

Ibtopruma~eroafmmIb.doL 

get panicky. Remmh under shelter for a few minutes 
Ihn the blast to make sure that all flying debris hu 
h d e d .  

Filth, try u help any injured people Dcar you. 
Even if someone hu been uposcd IO e i c c ~ i r e  radio 
utivily, you will not be hurt by helping him. Radio 
rt iri ty is not rontsgiour Administer B o t  aid to the 
injured if pmihle. Put out small 6- that may ha\* 
beem itarted Remenibcr t h t  many d the peopk 
lo Hiroshima and Nagnuti d i d  becsuic they w e n  
infured and could not crcape the 6-8 that WCN 

m n e d  by the explosion. Be clretul of falling build. 
i n p  or large 6rer 

Sixth. report to the plme designated by your corn. 
d e r .  If no area has been designated. we if y o o  
C.D help some m e  or firebrhting out61 that has 
been organized. 

Scccnth, when &e initial rerue work. fire fighting, 
and evacuation of the rounded is eomplctd, it is wile 
to take a shower, nmplrtely uruhbing with soap 
thm or four timn to remove any n d i m t l v c  mteriaI. 
which may have Lm. deposited on you. Hair. hnnds, 
a d  fingernails should be given special mtcntion. If 
p o u i b k  change 10 clean clothes and shocr Diwnrd 
Ih. clothes you w m  wewing while in the .Ilertcd 
are4 pmicularly the rhocr 

Eishth, when feasible &e& with a radioiogicd 
dduue advisor and a doctor to n d c  sure 101) am 
well and safe. 

Ninth, do not p r e t d  rumon Enough confusion 
will eximt without adding to it. The false impredom 
m d  people have rawding tho e l m s  of the atomic 
bomb probmbly e m  h tmed hck IO the rumon and 
frlr information k t  wem mpr.4 In J-n. Re- 
b u  rb.1 m~ sir bum of M . t r r i c  bomb b primuily 
a blut and heal weapm. You &old think mon 
mb.111 protecting mrrlf from bum and eoncu*.cl 
th. fmm ndiat ior  Mom d mom murate idem 
muion la being p.sli&d .b.a radiation. It does 
..I appear mpt4d.u or highly dmpmua one* yw 
m-d w h  it L hdinir h auolhn kunl 
.I w. Jwt u Il.lrk, plra p4 bIoloJnl w u f y  
ud bwby 1- m .I aq. ba Ln& .I war. 

what to do in cas. o f  a contamlnatinq b u r r t ,  800  lnrldr back cover. a 
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. 
FOREWORD 

This pamphlet has been prepared to furnish instructon with information necessary to indoctrinate Army 
military personnel in atomic energy, io accordance with the requirements of phases I1 and 111 of the De- 
partment of the Army SR 3.50-80-1 (Program for Dissemination of Atomic Energy Information), The 
material in this publication has been obtained from many sources, particularly recently published articles. 
In mwt of the chapters, more material has been induded than normally could be used in the time as- 

signed for the lecture. The additional information, however, will allow each instructor to select his ma- 
terial according to the varied needs of his classes. Charts, graphs, and tables have been used in presenting 
the material M as to permit the instructor to obtain considerable information in a minimum of time. 

The titles of the first nine chapters coincide with the titles of the nine lectures of phase 11. Each 
chapter contains the instructional information for the corresponding lecture. Since the lectum probably 
will not be given by the same instructor and the sequence may be changed, each chapter has been pre- 
pared as a self-contained unit. and, hence, contains some slight duplication of material. 

For those instructors who wish to pursue the subject in :mater detail than is presented in this pamphlet 
an annotated bibliography is included as appendix I. and a list of pertinent training films and film strips 
as appendix 11. 

Atomic energy information, both military and non-military. is &panding so rapidly that it is impossible 
to keep a 9ource book such as this up to date. Therefore instructors frequently should check current 
literature for new material. The more important technical magazines covering the subject are listed in 
the bibliography. 

Considerable more technical data on nudear physics has been included in the material for chapter I1 
than would be presented to o & w  or enlisted men in an indoctrination program such as is indicated by 
phases I1 and 111. I t  is believed, b m .  that it will be of benefit to the individual instructor, for with 
this information available he rill be able not only to select the proper level of instructional material the 
dass may absorb within the time pmnitted, but he will have the additional reserve information to answer 
questions with confidence, as they arise in tbe dass. 

Instructional material for phase 11 indoctrination also is c o d  in this publication. The chapter 
references for each phase 111 lecture are as follows: 

P h  n r  M 4 a  rdsna 

Chapter 1, first portion; chapter 5.  
Chapter 3. 
Chapter 4. 
Chapter 6. 
Chapter 8. 
Chapter 6. 
Chapter 6. 

I. . 



RESTRICTED 

CHAPTER 1 

HISTORY OF ATOMIC ENERGY 

<& & Seetion L DEVELOPMENT OF THE ATOM BOMB w: 
&ory orthe atom bomb begins back in the 
ages when the alchemists attempted to change 

brre metals into gold. It was not until 1896, how- 
ever, that H. Becquerel accidently discovered the 
phenomenon of radioactivity by noting that uranium 
adbi invisible rays which aAected a photographic 
plate. In 1898, the French scientists Marie and 
piare Curie discovered a number of elements, not- 
%.radium, which seemed to undergo a constant dis- 

The Curies explsined this Occurrence 
k%emm of atomic decay. It was in 1905 that Al- 

ed the relation between all matter 

d while it did not fulfill the dreaihs 
of chmging base metals into gold, 
wy stable gos, nitrogen, into the 

stable gas, oxygen. In 1932 
on verified, by rxperiment, the 

equivalence of mass and 

before Niels Bohr of Copenhagen. 
amved in the_ United States in January 

s certain abstract problems with 
coUeagues, 0. R. Friseh and 
m their guess that the absorp- 

ium nucleus sometimes 
, approximately equal 

'* . began to be d e d  nuclear 
ous quantities of en- 

t .  

proved that an isotope of barium 

ival in the United States, Bohr, 

Whaler, and to others at Princeton; from them 
the news spread to neighboring physicists, including 
E. Fermi at Columbia University. As a result of 
conversations between Fermi, J. R. Dunning, and 
G. B. Pegram, a search was undertaken at Colum- 
bia for the heavy pulses of ionization that would k 
expected from the flying fragments of the uranium 
nucleus. 

On 26 January, 1939 there was a Conference 011 
Theoretical Physics at Washington, D. C., sponsored 
jointly by the George Washington University and 
thq Carnegie Institution of Washington. Fermi left 
New York to attend this meeting before the Columbia 
h i o n  urperiments had been tried. At the mating 
Bohr and Fermi discussed the problem of firsion and, 
in particular, Fenni mentioned the possibility that 
neutrons might be emitted during the proeurs. Al- 
though this was only a guess, its h p l i c a t h  of the 
possibility of a chain reaction was obvious. A num- 
ber of sensat id  articles were published in the 
press on this subject. &fore the meeting in Wash- 
ington was ova. several other experiments to conhrm 
fission had been initiated, and positive eXprimental 
confirmation was reported from four laboratories 
(Columbia University, Camegie Institution Oi Wash- 
ington, Johns Hopkina University, and the Univers- 
ity of California) in the P k y k d  R&, 15 Feb- 
ruary, 1939. By this time Bohr had heard that simi- 
lar experiments bad been made in his laboratory in 
Copenhagen abuut January 15. (Letter by F r i d  
to Natrre, 16 January, 1939, and appearing in the 
February 18 hue.) F. Joliot, in Pads. alp0 hd 
published his lint results in the Cmpt8s R d w ,  30 
January, 1939. From this time on there wa8 a 
steady flow of p a p  on the subject of 6ssion, so 
that by 6 Decanter, 1939 when Turner wmte a re- 
view article m th subject in the Rmku of M o d m  
Physics, nearly one hundred papers had appeared. 

In the summer of 1939, Dr. Leo Szilard discussed 
with Einstein the results of the findinga that he and 
Dr. Fermi had made under Dr. G. B. Pegram. and 
stressed the urgent need for action by the United 



Staka gomament. Conscious of the disaster which 
inevitably would follow if Nazi Germany should be 
the hrsr to succeed in releasing atomic energy, Dr. 
Einstdn wrote a personal letter to the President. 
Within a few days, the historic Einstein letter was 
taken to Washington by a New York economist. 
Alaorrda Sachs. The letter immediately was 
brought to the attention of the President. Recog- 
nizing the aiticol significance of Emein's message, 
praidat Rarsmlt signed an ords appointing the 
Dirrctat af the National Bureau of Standards, Dr. 
Lymur J. B r i m  as Chairman of the Special Ad- 
viaory Conminee on Uranium. After only one meet- 
ing, the Committee was able to report that an atomic 
bomb waa a delinite possibility. By the following 
year the entire United States program of uranium 
nsQfih had ken pkced under th supervision of 
Dr. Vanwt Bush, Director of the Offxc of Stien- 
tif icRcscvehdDorelop~t.  

With presidential backing for an all-out research 
program, omhcts were let to a dozen laboratories 
fornhplrrtm . studies of every method d & g  any 
hope of success. In September 1942, on reconmen- 
dation of Dr. Bush, the U. S. Army Engineers' 
newly crated Manhattan District, under Major Gen- 
d Ledic R Groves, was assigned the task of a- 

pnding the laboratory experiments into huge in- 
dustrial projects. Meanwhile, in a secret laboratory 
at the University of Chicago, Dr. Fermi and his 
assistants achieved the first controlled chain nae- 
tion in uranium fission. The path now was cleared 
for the practical application of atomic power to the 
Nation's war dort. At Oak Ridge, Tennessee; at 
Hanford, Washington; and at Los Alamos, New 
Mexico, mammoth plants were built for the produc- 
tion of fissionable materials and atomic bombs. These 
establishments were staRed by thousands of able 
young scientists and techniaans. Virtually exiled 
from the outside world, new communities s p m g  up 
almost overnight, as top priority materials and man- 
power were made available for the secret project. 
Mobilized to carry out the most formidable engineer- 
ing job in ths history were thousands of the na-. 
tion's industrial firms of every size and type. To 
keep the most dosdy guarded m e t  of the war, tech- 
nicians and, even scienrists, were strictly limited to 
knowledge of the specific tasks to which they were 
assigned. 

Finally, after three years and an expenditure of 
two billion dollars, the atomic experts tested their 
first bomb on 16 July, 1945 at the Akmogordo A m y  
Air Base in New Mexico. 

Section II. T E E  ATOMIC ENERGY ACT AND ITS IMPLEMENTATION 
Public Law 585-79th Congress (The Atomic En- 

ergy Act of I N ) ,  an act for the development and 
control of atomic energy, was enacted for the pur- 
pose of producing fissionable material, developing 
atomic wcapr ,  and utilizing atomic energy toward 
improving public welfare, increasing the standard of 
living, rtrmgthening free competition in private en- 
terprise, pad promoting world peace. To accomplish 
this purpose, the Atomic Energy Commission was 
established. The relationship of tk AEC to na- 
tional Gownment is indicated in Figure 1. 

. An p b  of the work on atomic energy, including 
pmmramnt of raw materials, processing, bomb and 
isotope produaion, and r e d  m atomic power 
plpats, am under the control of tk Atomic Energy 
Cwunrsmm. While private coanponier and various 
univcraitia are under contract to this commission 
for rpcdk research and development projects, the 
eommi*riar, has the exclusive right to own and pro- 
duce d hstionrble materials and atomic w e a p s .  

The Atomic Energy Commissim itself ia com- 
posed of five members, including a chairman, all ap- 

t 

. .  

pointed by the President and approved by the Sen- 
ate. However, it works in conjunction with a num- 
ber of committees in order to get the most competent 
political, military, and legal advice p i b l e  These 
committees include the Joint Committee on Atomic 
Energy, the Military Liaison Committee, the Gen- 
eral Advisory Committee. and a number of other 
advisory committees. The Joint Committee on 
Atomic Energy represents Congress and consists of 
nine senators and nine representatives. The Military 
Liaison Committee consists of Army, Navy, and Air 
Force offcers, under a civilian chairman, and is the 
channel of communication between the Atomic En- 
ergy Commission and the suviou. The General 
Advisory Committee is the top scientific advisory 
body through which outstanding scientists help the 
commission plan its work. The organization of the 
Atomic Energy Commission is shown in rigurn 2. 

The AEC has four main objective+ 
To produce fissionable material. 
To develop better weapons for the defense of 

the country. 



To develop possible pcetime uses of atomic 
energy. 

To develop such scientific strength in the 
country as is necessary to suppart the 

TO attain thc first of its objectives the AEC oper- 
ates a plant at Hanford to produce plutonium and 
lktt at Oak Ridge to separate uranium 235 from 

23& To attain the second objective it op- 
raM*th Lor A b o s  and Sandia Laboratories. As 

g the remainii  objectiva. the AEC 
principal r e d  laboratories- 

rookhaven, Clinton, Knolls, a d  Los Ak- 

-.++ LOS &os Scientific Laboratoty, 35 miles 
b h  Fe, N. M., wan set up during World War 

-y for the hal devdqnnait and im- 
m t  of atomic bombs. It d o n n a  additional 

' .,~ first two objectives. 

. ,  

duties relative to peacetime operations, such as fun- 
damental research in nuclear physics. 
The Argonne Nationd. Laboratory in Chicago also 

grew out of a war laboratory. It is conducted by the 
University of Chicago with the cooperation and par- 
ticipation of 27 other colleges and universities. Ar- 
g o ~ ~  is the center of the commission's reactor 
(atomic pile) development program and all the re- 
search and development connected with it. 

The Clinton Laboratory at Oak Ridge, Tcuness~ 
started as a senrice and research laboratory in con- 
nection with the first atomic pile. It is the center 
for research done for the commission in chemistry, 
chemical engineering, physics, metallurgy and biol- 
ogy. Biological research has been built up largely 
since World War I1 to the point that Oak Ridge 
probably leads the world in this type of research. 

Brookhaven Laboratory at Patchogue. h g  Is- 
land, N. Y., has a different origin from the others. 

3 



It was founded during World War I1 and began 
operating shortly thereafter. Brookhaven is oper- 
ated by nine universities in the northeastern states 
and is a general laboratory for advanced work in the 
atomic energy aspects of physics, chemistry, biology, 
and medicine. 

The Knolls Atcdc Power Laboratory, Schenec- 
tady, N. Y., founded since World War 11, is con- 
cerned espeJany with power and "breeding" applica- 
tions. It is operated for the conmission by the Re- 
search Laboratory of the General Electric Company. 
Scientific groups from various industrial organiza- 
tions participate in the research work of the labora- 
tory. 

Other major ruenrch centers aiding the AEC 
arc-  

Ames Laboratory, h ~ ,  Iowa, operated by 
Iowa stak cokge. 

Rochester A t d c  Envgy Project, Rochester, 
N. Y., operated by Rochester University. 

Westinghow Co., Atomic Power Division, 
Pittsburgh, Pa., (complete construction is 
apaed during 1950). 

Y-12 Re& Laboratory, Oak Ridge, Tmn., 
aa e l ~ c t i c  Mparation plant operated 
by Carbide and Chemicals Corporation. 

4 

Among the various cO.iniittees working with the 
XEC, the Military Liaison Committee is of particu- 
lar interest. It was established to serve as liaison 
between the Atomic Energy Canmission and the 
Department of Defense. It is the responsibility of 
the Military Liaison Committee to keep the Depart- 
ment of Defense informed of any development in 
atomic energy that might be useful to it, and to keep 
the Atomic Energy Commission informed of the 
needs of the military services. The committee con- 
sults directly with any individuals or organizations 
of the Department of Defense, the Atomic Eaergy 
Commission, and all other departments or agenoes 
of the Government, to exchange any information on 
atomic energy that is of military importance. It sur- 
veys, in conjunction with other military organiza- 
tions, the ovtr-all rquirements of the Nation m the 
event of an emergency involving atomic warfare. 
The committee does not direct or control other or- 
ganizations ; it coordinates, surveys, and advises as a 
representative of the Secretary of Defense. The 
position of the Military Liaison Committee within the 
Department of Defense is illustsated in figure 1. 

The Armed Forces Special Weapons Project was 
established to utilize, for the military, the informa- 
tion received from the AEC through the Military 



ORGANIZATIONAL CHART 
OF 

ARMED FORCES SPECIAL WEAPONS PROJECT 

CHIEF OF STAFF 

M. AFSWP has the responsibility preparing courses and training instructions, and col- 

of special personnel. 
paniupation in the d d o p e n t  
weapons of pu trpes (in -- s p i b l e  guwrtunental agencies to assist in the edu- 

d o n  of the public on the military uses of atomic 
weapons, particularly, in connection with civil de- 
fense measures. Figure 3 shows the organization of 

Within the Department of the Army, the Assistant 
ining of bomb commanders AFswp. 
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CHAPTER 2 

ELEMENTARY ATOMIC AND NUCLEAR PHYSICS 

Section I. ELEMENTARY ATOMIC STRUCTURE 

About 400 B.C., a Greek philosqher named 
Democritus decided that all matter consisted of atoms. 
He redsoned that if you kept cutting a piece of matter 
in half. evenhdly you would come to a s d l  indi- 
visible particle that could never be made any smaller. 
This theory existed Bjthout significant change until 
John Dalton, an English chemist, expanded it and 
proved the existence of atoms in 1807. Dalton 
thought of atoms as small solid particles which were 
identical with all other atoms of the m e  element, 
but differed from the atoms of any other element. In 
1911, Sir Ernest Rutherford put forward the theory 
that the atom consisted of an “impenetrable” nucleus 
surrounded by electrons. Professor Ni& Bohr 
made the first real model of the hydrogen atom in 
1913. 

Bohr’s model of the hydrogen atom shows a minia- 
ture solar system with a heavy nucleus or “sun” and 
one electron cirdiig around it in an orbit (figure 4). 
The nucleus is very small, about one millionth of a 
millionth of an inch, and contains nearly all the 
mass or weight of the atom. The electron circles 
around the nucleus to make a &!e, or ellipse, with 

a diameter of one hundredth of a millionth of an 
inch or 10,Mx) times the diameter of the nucleus. 
The electron weighs l / l W  as much as the nu- 
cleus. The nudeus of the hydrogen (H) atom 
is called a proton and has one unit positive electric 
charge, while the outer electron has one unit nega- 
tive electric charge. These charges exactly balance 
each other and the atom is neutral. 

The next heavier element, helium (He), proved 
to have two electrons in its orbit and two protons 
in the nucleus. The two protons balance the elec- 
tric charge of the two electrons and the atom is neu- 
tral. However, this atom weighs four times as 
much as the hydrogen atom. Scientists could not 
explain this by saying there are four protons in the 
helium nucleus as this would not result in a neutral 
atom, so they looked for and found an electrically 
neutral particle, the neutron, with the same mass 
as a proton. Thus the helium nucleus consists of 
two protons, and two neutral particles, or neutrons 
(figure S). The weight or mass of the helium nu- 
cleus (or atom as we neglect the small weight of 
the electrons) is four t ime the weight of one pro- 

0 HYDROGEN ,H’ 0 HELIUM ,He4 

LITHIUM &’ 

Figure 4. Gra)kuol reprrsmtation of c f ~ r t v r r  of atoms. 
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or is equal to four masa units. Protons and 
also are Cllkd nudeas, which means 

atom her- in &e and com- 

protons in the nucleus the 
or 2 number. The number of pro- 
to which element the atom belongs. 

om with 6 protom is an atom of car- 
th 26 is dways iron, e t ~ .  The weight 
an atom is qual to the total number 
and protons in the nucleus as each 

weigb 1 m.u. (mass unit). This 
the mass or A number. For an 
X, the A and 2 numbers are writ- 
X'. Thus hydrogen is written 88 

gfyi~g I proton in the necleus for z qual 
, f I  p t i c ~ e  in tb: nucleus for A equal to 1; 
h .He' for 2 protons and 4 total particles 
h a s ) :  oxygm, .O' for 8 protons and 16 

rt- LEC) caruist of protons and neu- 
c nuclew, with electrons circling around 
b orbita Tbcre are the same number 
M protons sad the atam is dcctricauy 

further ConCtptJ of atomic stmc- 
be of us'stance in understanding 

M o n s  and isotopes. An ion is an 
+tged attom Imagine something hap 

*; etC. 
1 the StZtmKnts of the chapter so far, 

pcning near a helium atom that Ln& one elcctrcn 
comptetely out of the picture. The remaining 
"atom" has 2 protons or plm charges, and only 1 
electrm or negative char@ Thdore. the net 
charge on the ion is plus one. 

An isotope is one of two or more forms of an 
elrment having the same atomic number (nuclear 
charge) and hence occupying the same position in 
the periodic table All isotopes arc identical in 
chemical behavior, but are distinguishable by small 
differences in atomic weight. 
Normal helium .He' and has 2 protons and 2 

neutrons in its nuckus with an A number of four. 
Recall that the n u m b  of protons in the nucleus de- 
termines the element to which the atom belongs. An 
atom with two protons, one neutron and two elec- 
trons would still be helium, but its A number would 
be three. This atom exists and is called an i s o t w  
of helium, .He'. N o d  uranium is a mixture of 
three isotopes, .u" (99.3%), (0.7%) and 

(O.OOS$&). One of the bomb materials oscd 
is .U"' the isotope with 92 protons and 143 neutmDI 
in its nucleus and thus having a nnclem number of 
235. Uranium ~ I M  has isotopes .W', -IF, mu"', 

138, 139, 140. 141. 145. and I47 neutrons, respec- 
tively, none of which occur naturally, but all of which 

M ~ l n v ,  a Russian scientist, arnnged the 
k n m  dements by weight m the 1 W s .  He notcd 
simi&es in certain dements which seemed to re- 
peat thanpelves at reguIar intervals or periods in 
the table. Fmm these data he psslmblcd his Pe 

* I  

mu", m V ,  -U", u V D  and -V, With 136, 137, 

haw bcen pmduccd prticlciany. 



rid= Table (Wre 6).  This table which Ir of 
great due  to chanistn hrr ken used to predict the 
UJltmfe and eharactcristies of unknown elements, 
urd provides a handy table of the elements for 
everyday use. Note that the atomic number in the 
2 number, but that the mas~l number shown Mow 
the symbol of the element is a proportional aver- 
age of the isotopes existing in nature. As an ex- 
ample, if an el-t existed in ~ t u m  with 75 per 
cent of its atoms of maul 4 and 25 per cent ions 
of mpa9 3, Mmdelmr would show a mass of 3.75 
as an amage or apparent weight. 

It in of interest to note that o r d i i  reactions, 
including conventional explosives such as TNT, in- 

volve only thc orbikJ electrons and do not 
the nucleus of the atom whatsoever. Nudear 
tions, on the other hand, involve changes in 
protons and neutrons in the nucleus of 
A spontaneous atomic disintegration is 
which a relatively great amount of energy is li 
ated; and the p r a u s  is rccDmppnied by the 
sion of one or more types of radiation, such 
alpha, beta, or gamma rays. Elements which 
one or more o€ these types of radiation 
ously are called naturally radioactive 
Since 1919 man has learned to produce than orti- 
fiaally, and these are called artificial radioisotopes, *$ 

Section II. NUCLEAR PHYSICS 

Hcnri Becquerel, a French physicist, first ob- 
s e d  natural radioactivity in 1896 while expen- 
menting with a sample of uranyl sulfate. He noted 
that a metallif disk placed between a sheet a phc- 
tographic hlm and a sample of the uranium salt was, 
in &at, “photographed” on the film. despite the 
fact that both the 6lm and the uranium salt wen 
endosed m heavy bladc paper. This could be a- 
plained only by the existence of some penetrating 
&on in the uranyl sulfate, and further apcri- 
ment som indicated tbat the radiation came from the 
urnskm ermponent of the salt. 

Further study by Bccquerel, Jotiot and Curie, and 
others soon showed that there were three distinctly 
different types of radiation emanating from natu- 
rally radioactive elements such as uranium, radium. 

um. When studied in an electric field, and P- 
as sbwn m figure 7, one type of radiation was de- 
flected toward the positive pole. This tadiation was 
named beta radmtion ( a ) ,  or beta particles, and 
eventually was identified as high-speed electrons. 
As the strength of the electric field was increased, 
a lesser deflection of one of the radiations toward 
the negative pole was noted. This radiation was 
named alpha radiation (a), or alpha particles. In- 
asmuch as the alpha radiation was deflected less than 
the beta, it was assumed to be a heavier particle than 
the beta. This was confirmed later when the alpha 
was identified as the nucleus of the helium atom, 
,He‘. In other words, an alpha particle is a tightly 
bound group of two neutrons and two protons, with 
a mass of 4.002764 physical mars units and a net 
electrostatic charge of +2. The alpha particle is 
known to be a very compact and stable entity which 
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~< 
tions. i 

does not itself disintegrate into transmutation reac- 

The third type of radiation, designated as gamma 

enee of an electric field, and was observed to be : 

the most penetrating radiation of the three. Furtha , 

beta radiations, wm not particles, but were eteCtr0- 
magnciic waves of higher frequency than X-rays. 
Gamma radiations are emitted in homogeneous pack- 
ets of aurgy known BS photons, or quanta, and arc 
electrically neutral. 

Radioactive substances emit one or more of the ’ 
above types of radiation by a process known as ra- 
dioaaive decay. In the case of gamma radiation I 

only, no change in the numkr of protons or neu- 
trons is involved. An atom which is in an excited 
state of vibrations may emit a gamma photon and 
drop to a lower energy level but, chemically, it re- 
mains the same atom. Using a shorthand system 
of designating atomic 2 numbers at the lower left, 
and nucleon A numbers at the upper right, the fol- 
lowing example of gamma photon emission may k 
cited: 

F rays (T), was found to be ~ n d f e c t d  by the pm-, 

study Showed that gaimna rays. unlike plpha oad ?, 
A, 

$ 

.Np* ---+ -NPY + Y 
stable atom 

excited atom at a 
high energy level 
In the case of the other two types of radiation, 

however, a new chemical element is produced. 
When an alpha particle is emitted from a radio- 
active nucleus, a new atom is formed whose 2 num- 
ber is two less than that of the original and whose 
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Figure 7. Seporariox of thr emzmiion., from a d i n m  .IOWCC by an rlrcfric field. 

A number is four less than that of the original. FOT 
exampk : 

.Pao + &* + ,He' 
Note that the sum of the A numbers on the right 
side of tbc equation (227 + 4) must equal the A 
number OD tbe left side of the equation (231). Sim- 
ilarly, the of the 2 numbers on the right side of 
the quatioo (89 + 2) must equal the 2 number 

-on the left side of the equation (91). 
In the case of beta mission, there is no change 

in the A number (the rest mass of an electron is only 
about 1/1&Oth that of a nucleon), but the ejection 
of a beta particle from the nucleus will increase the 
nuclear charge by one unit positive charge, resulting 
in a 2 number one greater than that of the original. 
For cxampk: 

A U -  -+ .d 
radi&e stable 

It again is evident that the 2 and A numbers on 
both sides of the equation balance. 

It has been shown that naturally radioactive ele- 
ments decay by the emission of alpha, beta, and 
gamma radiations. All of the radioactive elements 
known in the three radioactive series (uranium-ra- 
dim series. thorium series. and actinium series) 
decay to some stable isotope of I d .  

The decay of IV' may be taken as an example. 
It is an alpha emitter and will d a y  to .Th"', which 
is also radiotctve and will decay to -Pau by beta 
emission. This isotope is a beta emitter and decays 
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in turn to -U'", which also units an alpha particle 
and becotnu, ."ha. The stabk product reached by 
tracing out the rest of the decay process will k the 
isotope~Pb". 
Early in the study of nuclear radiations it was dis- 

covered that the activity of a radioactive element 
decreased with time, and the time rate of decrease 
is measured in terms of the half-life (T) of the n- 
dioactive material. As the name implies, the half- 
life is theperiod of time required for the activity 
of an dement to be reduced by 50 per cent. The 
half-life of any radioisotope can be determined only 
from a statistical study, that is. from a study of 
many billions of atoms; the half-lives of the different 
radimctive elements vary from a fraction of a Kcond 
to many millions of years. For example, the isotope 
,.Cs"' has a half-life of 33 minutes. Thus, if a large 
numbr of these atoms could be observed, it would 
be seen that one-half the initial number decay in 33 
minutes, one-half the remaining number decay in 
the nutt 33 minutes, and so on. The following 
table illustrates how the activity of a radioactive ele- 
ment decreases with each half-life period: 

. tTJ f P . w M )  
0 100 
T 50 
2T 25 
3T 12.5 
4T 625 

The production of an atomic, or nuclear, bomb i s  
based on the fission of certain materials. After the 

T*V d" w u w ,  R d d k v  &di> 



___. - 
d u n l  into dewntr of larsu atomic weight but 
didnotrreogniathan aa arhd falady mamed 
ththch.dP*- * ekmen$tbati* 
darmt.ofatOmicnmnkrgreaterth.n92. cork 
.nd jolia, in FW; Lte Matnet, in cerrmnp; md 
Hahn and Strppnnnnn. in -y; bl.nrded 
d u m ,  thorium, and progetinium with neopolls 
and also obxmed manp rpdioactive pmductg (most 
ofwhichwcrebetaanitters). ReasoningpsFumi 

beyond uranium in the p d d c  table. 
In 1939, reprahg their expUimeat, Hatm and 

Strassmann identified a barium isotope as a prduct 
of the uranium-neutron bombardment. The barium 
isotope was itself radioactive, emining a beta &de 
to form radioactive lanthanum : 

did, they assumed that they had produced el-ts 

&a* 4 "LaY +s 
Inasmuch as the lanthanum isotope also is a beta 
emitter, further decay to a stable isotope was to k 

----.) &e- +-8 
4: 

"LaY 

Basing their announcanmt on th result6 of tbtre 
experiments, Hahn and Strasrmpnn cautiously pro- 
posed a theory of nuclear fission; that h, the 
"splitting" of a heavy nudeus, such as ZT, into two 
or more nuclei of lighter elements. This idorma- 
tion was communicated to Professor Nick Bohr, of 
the university of Copmhagen, at that time visiting 
the United Staty and the German physicists' apcri- 
m a t  was reproduced quickly at Columbia University, 
the University of California, Johns Hopkins Univer- 
sity, and other places. Confirmation of fission was 
complete and physicists the world over instantly saw 
the possibility of a nuclear bomb. 
In the study of nuclear fission it is important to 

understand exactly how fission takes place and by 
what mechanism a nudeus is transfonncd into two or 
more nuclei of lesser weight. Niels Bohr proposed 
an explanation bascd on elongation of the nudeus. It 
is to be remembered that the nucleus contains a defi- 
nite number of protons and neutrons. Were there 110 
neutrons in the nudeus, the nucleus would blow itself 
apart instantly, due to the coulomb forces of repul- 
Sion baween the likecharged protons. Thus, the 

in this case a netltron. mters tbt nuchD hklyadb 
(it ia not repelled by tbe coulrmbdorrs 6 a #fotaa, 
deutam, or alptaportide wcdd k) md btaatly 
upsets tbe rath of neutmna to p t a u  in that 
nucleus. Thisteabtopmmoteastdddngor 
dongation of the nucleus p1 illustntul in Qpre 8. 
As this elongation begins, the proteas repel e& 
other and tend to amgregate at the Cxtcrior of the 
nudeus, leaving the neutrons in the interior. As the 
distances inma~e due to the elongation of the nudeus, 
the andear foms are no longer PO signikant, but the 
coulomb forces of electrostatic repulsion are stiU quite 
strong. Whm the critical point is reached, the 
nudeus actually ruptures or splits, d y  into two 
major fragments, sometimes into tbree, very rarely 
into four. In addition, surplus neutrons often are 
emitted. It is of gnat intereat to note tht the entire 
elongation-tiasion process takes place in a period of 
time usually mtpJftrrd in froctiona of a mipcweeond. 

The possibilities in fission of L P  arc many. An a 
matter of fact, over 200 isotopes have been idmtSed 
as fission products from the fisa'm of U"', some of 
than so unstable that their half-lives arc of the order 
of magnitude of only a few microseconds (1 micro- 

1 
seconds = of a sccond). To visualize 

1,m,m 
the &ion pr-, one may assume that a neutron 
entering the ZT nudeus forms, for an e x t d y  
short time, unstable V, which then splits, according 
to the Bohr mechanism described above. Some of 
the possibilities of products arc- 
.W + a' 4 d a m  + Jv + h' + AQ 
-W + a' -+ .Pd" + 2 d m  + 2.n' + AQ 
-V'+ a' &e-+ SC + 3 d +  AQ 

m W  + a' 4 -Y" + 3 + 3d + AQ 

Most of the 6ssion products are tbmuelvu ndio- 
active, with very short half-lives. By use a table 
of isotopes, one may determine the final stable end- 
products. 

In each of the fission equations b e ,  a net amount 
of energy, AQ, is released. By virtue of th Einstein 
relationship, it is known that matter may be con- 
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Figwr 8. T k  firsioning of Umnivm 235. 

verted into energy (and vice versa). The magnitude 
of the conversion is indicated by the Einstein qua- 
tion, E = m~', where E is energy, m is mass, and 
c is the velocity of light. If 1 gram of material is 
completely converted into energy, that quantity of 
energy is 9xlP ergs. If it is assumed that this 
amount of energy were released in krs than one one- 
millionth of a second (as in on atomk explosion), 
the power developed is of the order of magnitude of 
a hundred thousand million mjUim horsepower! 
Careful measurements and calculations show that, in 
any fission, the total mass of the products is less than 
the total mass of the reactants (that is, the V 
nucleus and the bombarding neutron). This loss of 
mass can only be manifestd by the release of an 
equivalent amount of energy. Experiment and calcu- 
lation have shown that, while the amount of energy 
released will vaq (depending on the products formed, 
the number of neutrons emitted, and so on), the 
average figure, per nucleus of u" fissioned, is of the 
order of magnitude of 200 Mev (million electron 
volts). In comparison, the explosion of one molecule 
of TNT releases less than 25 ev (electron volts). 
In the fission proms free neutrons also are re- 

leased, the number varying between one and four. 
The number is largely a matter of statistid prokc- 
bility but again, on tbe average, will be more than 
two neutrons per nucleus fissioned. This release of 
surplus neutrons makes it possible to build up a 
chain reaction wherein neutrons released in the fission 
of one nucleus go on to cause fission in other nuclei 
which, in turn, emit neutrons, In an atomic bomb 
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burst this chain reaction, involving many billions of 
nudei, taker place in a few microseconds, until the 
explosion blows the bomb material apart. 

Each nucleus of IY fissioned furnishes about 200 
Mev of energy. However, fission does not take place 
spontaneously; a cutain minimum amount of energy 
(approximately 5 Mev in the are of u") must be 
added before fissioning starts. This energy needed 
to overcome the s x d e d  fission barrier is known as 
the activation energy or excitation energy. Since a 
very low energy (thermal) neutron will contribute 
about 7 MW to a LJ"' nucleus, it is obvious that such 
a neutron can c a ~  fission of the IY nudeus. 
Activation energy may be compared to the Uctm push 
needed to move a large boulder from a 1-foot de- 
pression at the top of a high hill and UUK it to roll 
down the slope. In its high position the boulder 
possesses potential energy, but before this energ\. 
can be realized as energy of motion (kinetic energy), 
additional potential energy must be imparted to it 
to dear the top of the hill. This andogy (fig. 9 )  
corretponds to the large amount (200 mev) of 
energy which will be released in the fission of a U' 
nucleus. once the fission barrier (about 5 MeV) is 
cleared. 

It has been stated that the energy released in 
nuclear d o n s  is the conversion of some of the 
mass into energy according to Einstein's mass-energy 
equation, E = mc'. When the mdividual masses of 
the neutrons and protons that make up a nucleus arc 
added together, their total is greater than the mass of 
the nucleus as a unit. This difference in mass is 
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of every nucleus containing more than 
one n u d m  The maa Mea, when multipljed bY 
931 Mev/m.u. and divided by the A number, dves 
the BWA (biadhg magv pu nuclear w e ) .  

If we plot on a graph the mass numbers of the 
elrmcnts against the BE/A for each daIlUlt, pet 
a mascr vs. stabitity curve (figure 10). This eurp'e re- 
veals that the most stable irotopg (those whose 
BE/A is the greatest) occur in the vicinity of masa 
number 60. Elements whose A numbers are ssnrller 
or greater, have a smaller BE/A value and thedon, 
arc t h e o d d y  less stpble. Elements whose nucleon 
numbers arc greater tban 60 (for errample, uranium), 
have less BE/A than elements of nucleon number 
around 60 (near nickel or zinc in the periodic table). 
so it is enetgctidy possible for them to undergo 
fission, since they will be going from a higher energy 
level (where they are less stable) to a lower mergy 
level (where they are more stable). As an example. 
in the fission of ZT into two symmetrical pauadium 
fragments (a rare occurrence in fission products), we 
may examine the energy relationship 
.U' + .n' "V ----) aPd" + .Pd* + AQ 

S%lY 
unstable 

BE/A of -V' = approximately 7.5 Mev 
(calculated by formula) 

'BE/A of vPdw = approximately 8.5 Mev 
Since two nuclei of Pd'" arc formed for each nucleus 
of LJ"' fissioned, the net change in binding energy is- 

118x 8.5 -+ 118 x 8.5 - 236 X 7.5 = 236Mev 

This is in good.gnanent with the avenge &re of 
200 Mer of mergy pcr nudew & a i d .  

For elements Mow mass ntrmba 60 btbc priodie 
table, the releprc of mugy through fissim M not pa- 
sible, since such elements would be going from 
loweraKlsgkvdtoabigherenagpkrrt Thisis 
a pwsible phammmon only by the ad- of-. 
Elements beloathis point can rrkascaiergy only by 
fusion-that is, the coalescing of two atam For 
example, two atom of heavy hydro- or deuterium, 
may fuse into a Mum atom, a very stable mnfigura- 
tion: 

For this reaction the mass defect is : 
2 X w  of Ji'-mus of ,lie' = Z x Z . 0 1 4 ~ A 0 3 9 0  m n 

A" -+ &I' -+ &e' + A Q  

= 4.mp(164.0aF90 m. t~ 
= 0.025516 m. u. 

The energy released is approximately 24 Mev 
(0.025516 m.u. x 931 Mev/m.u.). This is con- 
siderably less than the 200 Mev r e l d  per nuckus 
of L F  but 24 Mev per 4 nucleons for He' is a much 
larger figure than 200 Mcv per 236 nude& for V. 
Gram for gnm, much more energy will be available 
from the fusion of hydrogen than from the iidon of 
uranjum, provided all nuclei fuse or 6ssi0a io the 
process .  Tbe mass vs. stability a w e  sbowa tht 
the drop from H' to He' is much steeper than the 
drop from V to N& dements aa Bay, KP, P, 
I"', and Pdo. 

Thus, it will be s e a  that where heavier elemeats 
tend to go to a more stable state by undergoing fis- 

ia  



Nucleon number (A,) 

sion, lighter elements tend to fuse into more stable 
nuclei. Energy is released in both cases since there 
is a loss of mass in each reaction. In the light ele- 
ments, the attractive or nuclear forces are greater 
than the coulomb foras of repulsion. When these 
two forces am exactly blanced, the nucleus is ex- 
tremely stable since there is no tendency to break into 
smaller parts due to repulsion, and there is no tend- 
ency to fuse together into larger parts due to "sur- 
face-tension'' type of attraction. These dual condi- 
tions a c u r i n  the vicinity of Fe- or Ni" on the mass 
vs. stability CUNC Theoretically, all nudei eventu- 
ally should stabilie thanselves by forming an Fe or 
Ni (or possibly Zn) isotope. There are very good 
physical reasons why this does not actually take place 
at a measurable rate in nature This stabilization 
would take place through fission or fusion, whichever 
is appropriate. The farther "up" an element is from 
Fe or Ni in the periodii table, the more unstable it 
is, and the more energy con be libented by its fission. 
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For example, 1 pound of Pu' in which all nuda  
fission will liberate more energy than I pound of 
U= in which d! nudei fission. 

Fission of various isotopes may be induced by par- 
ticles other than neutrons. Protons, deuterons, and 
alpha particles may be used (although with much 
greater difficulty, because of the coulomb forces of 

cases of photon-fission are known, wherein fission is 
induced by a gamma photon. From the military 
point of view, however only three isotopes may pres- 
ently be classified as fissionable materials : W, W. 
and Pug. The cross section of the nuclei of thw 
materials is such that the materials will undergo fir 
sion by neutrons and hence may be used in atomic 
explosives. Different materials will yield different 
fission products, but virtually all fission products 
identi6ed to date lie between the extreme of Zn" and 

repulsion on positively charged particles), and even 5 . 

Gd". 



r ission product nt 
Prompt neutrons 

Radioactive decoy 
Absorbed neutrolu 

- f - -  padam of a fission M BP ltld La- (plus - neutrons), it be shorn thpt the D/P ratio 
i, && to stability. Bromine bpr only two stable 
m, tho# of mas numbus 79 and 81, whose 
n/p ntios M 1.26 and 1.31, mpatively. But Bf 
i, a kmwn 6ssion p r o d u c t 4  baa been identified f It b, thaefore, six excess ncvtrolLI and it is there- 

amty by beta emission which will tend to reduce 
& n/p ratio. Th e  fol10wing is the decay process 
of BF: 

h m p r  p.manpl 

10 M n  

Tobl 200Mev 
I 

radioactive (that is. &). It ne  prompt^. neutrons Bf'e & within Kc- 
after fission and should be d i ~ ~  from the 

"delayed" neutrons, which g c a d y  are emitted 
within 0.2 second after fission (although a very few 

m y e d  neutrons be delayed UP to one minute). I =BF - Xr" - a b =  - .SC 
emits B units P emits P 

It will be noted that beta anissim tends to reduce 
n/p ratio in a double manner, for it increases 
denominator (protons) by one and simdtane 

&y decnases the numeratDc (neutrons) by one. 
emission is physically apk;ned by the hypothe- 

& that is a neutron is converted into a proton and 
a particle and the latter is  then emitted. 

Most h i m  products are radioactin but, occasion- 
dly, a stable isotope is formed M y  from the 6s- 
sim reaction. An example is- 

stable 

a' + -V 3 XC"' + SF + 3s' + AQ 
In this case, the xenon isotope, despite its high n/p 
rstio of 1.52, is stable. (It is me of the exceptions 
rdcrred to above.) The strontium isotope, however, 
with an n/p ratio of 1.55, is mstable and will decay 
to a stable isotope as follows : 

.Sf' - .Y" - .Zr" - ,Nb" - "MO" 
unit68 emits8 &8 unit3 p 

rable 

The molybdenum isotope. witb an n/p ratio of 1.31, 
is stable. If it pcsmed excess energy after fission, 
the Xe"' would reach stability by emission of one or 
more gamma photons with 110 change in either A or 2 
number. 

As stated previously, the total energy released m 
the fission of one nucleus of fissionable material will 

make up abotlt 0.6 percent of -the t i  number of 
neutrons emitted in a chain reaction, and of this 
number only about 1/30 M emitted later than 0.2 
second after fission. For practical purposes d y  the 
99.4 percent emitted within 1 r  second after 6a- 
sim arc c o n s i d d  

With regard to the €&ion yield, it is not posdble 
to predict what fission produets wil l  occut from a 
given fission reacb'on. Even if conditions arc idm- 
tical, successive 6ssions will not necessarily (or even 
probably) give the same fi&m producta. Fission 
yield is best discussed from the statistical point of 
view. After obsuvhg the fission products formed 
from a great n u m k  of fi&, one may plot on 
semilog paper the nucleon numbers of the produets 
formed against the h i o n  yield in percentage of each 
isotope formed, where fission yield is the percentage 
for fission isotope formed of the total number of atoms 
fissioned (fig. 11). The resulting curve for slow 
neutron-indud fission shows that the average mats 
values for the fission fragments arc about 95 and 139. 
The probability for fragments of these nucleon num- 
bers, from the curve, is about 1,oOO times as likely as 
the probahility that the nucleus fissioned will split 
into two symmetrical fragments. 

Thus it can be sen that nudear fission weapons 
provide for the npid release of large amnmts of 
energy, accompanied by the emission of great amounts 
of electromagnetic radiations, and particlu such as 
alphas, betas, and neutrons. 
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NUCLEON NUMBER (A) 
Figure 11. Probablc disbibulim, of &ion products from U"'. 

Section III. THE NUCLEAR REACTOR 

.. ._ . .. 
jE 

The operation of a nuclear reactor or atomic pile, 
as it is commonly called, depends on the fact that a 
chain reaction is pmdble in the fission process with 
the release of large quantities of energy. If this 
chain reaction takes place in a certain amount of 
fissionable material within the short space of a few 
microseconds, a tremendous amount of energy is re- 
leased and the* will be an atomic explosion. On 
the other hand, if the reaction can be controlled to 
take place over a reasonable length of time, there will 
be a m r c e  of controllable energy. A nudear reactor, 
then, is essentially a chain reacting system in which 
the energy from the fission of uranium or plutonium 
is released at a controlled and predetermined rate. 

The fundamental fissioning process has been de- 
scribed in section I1 of this chapter. The fissionable 
material is, in the fuel from which energy is 
derived and, as it is fissioned, it is used up and must 
be replenished from time to time. At the same time 
that fissionable material is being used up, many 
fission products are produced. These fission products 
are highly radioactive and considerable protection in 
the form of large concrete shielding mud be provided 
to protect personnel. There also will be great neutron 

I6 

flux throughout the pile. It is this dense neutron 
flux which is used to make stable isotopes artificially 
radioactive. Hence, the atomic pile is a potential 
manufacturer of large quantities of radioactive iso- ' 
topes by neutron irradiation as well as by the fission 
process. 

Mod of the energy r e 1 4  in the fission process 
appears in the form of kinetic energy of the fissim- 
fragments. It is this kinetic energy which, converted,- 
to heat, makes the atomic reactor a source of power. 

I n  place of reaction time measured in microseconds 
and temperatures measured in millions of degrees, 
the power plant designer is interested in more nearly 
steady power conditions and temperatures no higher 
than normally are encountered in chemical reactions. 
This establishes the essential difference between tbe 
use of nudear fission for the purposes of atomic bombi: 
on the one hand and for the supply of energy on the 
other. It is again emphasized that the nudear readoE." 
is a source of heat energy developed by converting' 
mass into energy. It is not a perpetual motion nu4 
chine. Fuel is u d  up and must be replenished. In 
this case, the fuel is a fissionable material, either, 
uranium or plutonium. 

.- 

R 

I i 



Apprcadmately 80 percult of the euergy of hrdm 
is dared a9 kin& energy of the 6asion tngmmt 
This kinetic energy, in turn, is cmvutcd to heat 8s 
ulue recoiling fission frngnxntr are stopped within 
the pile The function of the coolant is to carry OR 
this heat In the case of a power rePCtion the hut  
is carried to a heat exchanger to be made avaiible for 
use a9 power. 

The design of reactors depends upon their use. 
They may be opuated at a high energy Id or a I o n  
energyinnl. T h e y m a y b e f o r p u r e d o r f o r  
the d d o p m e n t  of useful power. They may be de- 
signed to produa plutGilium or hlge supplier of 
radiopctmeisotopesforresarrhudothuuscs. Rc 
actors may be &.died in a number at way- the 
basis of the energy of a neutmo flux within the pile, 
on the type of moderator usad, on the type of coohnt, 
and on the pattern of the lattice strucbm within the 
pile. 

Inasmuch as there is a great dcvdqnnent of radi- 
ation from the pile, much attention must be paid to the 
protection of personnel working around the reactor. 
This protection usually is provided by large thick- 
nesses of concrete. 

The size of the pile itself may vary from a rela- 
tively small sphere about one foot in diameter up to 
the size of a building, depending somewhat upon its 
shape, the type of fissionable material used, the purity 
of the fissionable material, and the operating energy 
level of the pile. The use of a refleetor helps to re- 
duce the sue of a pile as far as the active material is 
m d  The geomarid &ape of the pile gm- 
e d y  is m e  simple form in which the three pM- 
c i p l  dimensions are approximately equal. It 'may be 
in the form of a sphere, a cube, a rc&ngdar cylinder, 
or cyol a prim. The active section of the pile may be 
a homogeneous mbrture of its components, or these 
may be arranged in a heterogeneous pattern. in 

," .-.. ,- 
with wY uranium atom& This is Dccomplished by 
p&ng a suitabk matuipl in tk pth of the n e w  
in which they dissipate their eaerv while rrmolnd 

-tdd until thcy M y  becane low energy mu- 
from the p t w a l a  of u e u m ,  by colliding with the 

w a s .  The material ~ s c d  to disdpte the energy of 
the U called the mod-. The fastest 

by whkh neutrons lose th& energy is by 
aukion with partides having about the same mass as 
the neutrons themselveg The moderating materid 
therefore should be of apprmrimabely the same atomic 
mass as the neutron and hence would be conhed to 
the very light atomic substan-. Actually. there are 
a few materials that meet all the repiranents for a 
usable moderator. Water, d d m n  found in heavy 
water, and graphh are most commonly used as 
moderators. 

hother important feature of m y  nudear reador 
pile is the control of its energy I d  This control is 
a~complished by inserting into the active lattice work 
some material which wiU apt-  the neutrons and 
hence prevent than from producing further fission. 
Any material which has a large probability for the 
capture of neutrons is suitable. Two elements, boron 
and cadmium, have the desired charaderistim to aci 
as controls. These materials arc made in the form 
of rods and arranged so that they can be moved in or 
out of the lattice work. Itlsuting these rods deeper 
into the lattice work rcduew the neutron flux by 
capture and hence lowers the operating energy. Re- 
moving the rods increases the production of fission- 
ing and hence the heat energy. 

Since the energy released in a pile is the result 
of fission, the amount of energy released at the 
operating power level of the pile depends upon the 
number of fission processes occurring throughout the 
pile in a unit of time. This dcpmds upon the neutron 
density. The operating level of a pile thus can be 
established by controlling the neutron density by the 
use of control rods. 

Figure 12 shows a cut-away section of a basic 
nuclear reactor. The center consists of a lattice work 
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Figwc 12. A bm'c nuclear reactor. 

which the components are placed geometrically in a 
lattice network (fig. 13). Considerable research and 
design engineering presently are being carried out to 
determine the most etficient manner of building these 
sources of nuclear energy. Five non-production 
atomic piles are in operation in the United States to- 
day with a sixth scon to be in operation. These 
atomic piles are listed in table I. 

Other factors aReeting the size of the pile are the 
kind of fissionable material or nuclear fuel and the 
form and availability of the fuel. While many dif- 

ferent materials can be fissioned under the p r o p  
conditions, there are at present, only three practical 
nuclear fuels, only one of which occurs in nahuc. 
These three fuels are ZT, ZT and Pu'. 

The first of these, ZT, is an i s o t w  occumhg m 
natural uranium in the proportion of one part Ln 140. 
Chemically, it is impossible to xparate this from 
natural uranium, so it must be separated by mc&uG: 
i d  or physical processes. These means of 9.. 
tion are extremely expensive. U' has been separated 
by gaseous dausion through porous barriers, lyi 
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The pile proper, with the reflector and radiation shield 

Sketch of pile showing control rods and means of energy remod. The enc 
of tha cooling ducts must be plugged, baf8ed or shielded to prevent the escape of radia- 

tion through these holes in the shield 

F i w e  13. ElrmnJs of a uuclezr rcacior. 
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liquid thernul di lhh& by rmtrifugbg, .ad by ehc 
traMgnetic rcperotion. However, tboc p m a ~ a  
either give .Lnort conrplete peppratiW in me stage 
or hvo stags with a very low yield, or elw a very 
goodyieldbutwithverypoorscparationperstage. 

Forhrmtcly, however, it has beea di& tbat 
plutonium 239, a man-made element, is furionrble; 
and 2 u -  can be made from the more abundant 
uranium 238 by neutrons. capturc d m  producing 
an isotope 239 which emits a beta particIe. It decays 
to neptunium, dp- .  This radicisotope is also beta- 
active, turning into isotope plutonium, &-, which 
is relatively stabk Since plutonium 239 is entirely 
different chemically from uranium, it can be separated 
from the uranium by chemical means. Plutonium 
239 is one of the materials now used for bomb am- 
struction. 

The Armed Forces, through their research and 
development components, arc actively engaged in de- 
veloping the application of atomic energy for the 
propulsion of its ships, plancs. and submarines 

One of the great problems to be solved in using 
a nudear reactor pile for the propulsion of aircraft 

. 
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CHAPTER 8 

ATOMIC WEA 

The major difference between an atomic explosion 
and an HE explosion is the governing principle un- 
derlying CaJl type. In the conventional UcploSive, 
such as TNT, the reaction is chrmical, in which 
there is a rearrangement of atoms resulting in the 
explosive changing form from a solid to a gas. 
There also is a release of energy in the form of 
heat. In an atomic explosion the atoms themselves 
are broken down, the constituent pprticles being re 
arranged to form atoms of new elements. This re- to permnel. effect of ioniring 
action also is accompanied hy the release of energy, 
and on a much larger scale. 

The d k t s  of both types of weapons is 
in that heat and blast are produced ; the at& 
of eourse, produas a great deal more 
est TNT blockbuster. The b o m b  
J a w  were to have the exP1mve 
20,OW tons of TNT. a considerable amount. 
is one effect of the atomic bomb not found 

of radiation is ioniring, and therefore can be 
to organiun, it c B u ~  an additiond 

tion will 
as in the chapter on medical effects. 

nuclear As ths 

discussed later in this k p t s ,  a 

The explosion of an atomic bomb is a nearly in- 
stantaneous release of a tremendous amount of energy. 
This e n e h  is initially in the form of nuclear radia- 
tion and the kinetic energy of the fission products. 
This kinetic energy is quickly transformed into heat 
and the blast energy of the shock wave. A h t  90 
percent of the total energy of the bomb is released 
within the first second, the remainder is released 
during the delayed beta and gamma emission of the 
fission products. Thus, there are three main effects 
of the atomic explosion-heat. blast, and ionizing ra- 
diation. Each of these effects will be discussed sep 
arately, using as a basis the d l e d  "hominal 
atomic bomb" with the energy release equivalent of 
20,oOO tons of TNT. 

As the bomb expl6des;a ball of fire is formed which 
expands rapidly to a diameter of about 300 yards. 
The initial temperature at the center of this fireball 
is in the vicinity of a million degrees C. As it ex- 
pands, the temperature drops, and at the maximum 
size the temperature on the surface is about 7,oOO"C. 
This extremely hot fireball is the source of the radiant 
heat which is a serious hazard to personnel caught 
in the open. One of the trademarks of the atomic 
bomb is the brilliant flash which accompanies the 
explosion. This flash, when seen from a point nearly 
two miles distant, is estimated to be a hundred times 
brighter than the sun. This bright light can cause 
damage to the visual purple of the eye, resulting in 
temporary blindness, lasting from a few minutes to 
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Section 11. DESCRIPTION OF NUCLEAR EXPLOSION 
several hours. There is no evidence that any 
nent injury may be caused. It should not be 
however, for to be blinded. even for a few 
after an atoniic explosion could be seriou 
pilot of a jet fighter it probably would 

The effects prduced by a b o m h y  
pend largely u p  whether the bomb is exp 
the air, on the p u n d  or below the ground. I 
atomic bomb, of vastly greater power than a 
ventional bomb, the difference in the effects prod 
is more marked. Three types of burst general1 
considered; the air burst, in which the bomb i 
ploded high enough to prevent the fireball from to 
ing the ground; the surface burst, in which the 
may be exploded either on the surface or so 
that the fireball actually touches the surface ; an 
subsurface burst, where the bomb actually is deton- 
ated below the surface of the ground or water. 

Air Burst 

In the air burst, the blast and heat deet hav 
greatest opportunity to do their work; hence, 
weapon of destruction this is probably the mos 
cieot way to detonate the bomb. 
which to explode the bomb may depend 
rain below and the type of construction o 
buildings. 
detonated in the vicinity of 2,oOO feet over 
In the discussion of the various effects p 

The exact h 

The bombs that were exploded ove 
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=positive Impulse 

I 

PJgwc 14. Shock wave #resmws. 

&burst, it will be assumed that a 20 kiloton bomb 
( i ,~ ,  one which is equivalent to 20,oOO tons of TNT) 
dode at a height of 2,oaO f& 

The blastefiectofthe air burst of an atomic bomb 
produces the greatest amount of material damage 
and, indirectly, may cause the lugtat n u d e  of per- 
sonnel W t i Q L  

The nwr~~tiorrrl  bomb is g e n e d y  set to upla& 
h any type of explosion, a phenomenon known as OD OT * slightly after impact, rmdting 

wave msists  of a wave of c o m p r e d  air, the pori- while destruction is complete in the M i a t e  vidn- 
tive phase, in which the pressure is above atmos- iv* the a% by the wave - 
pb,..c, followed by a wave in which the pressure is atomic bomb. bunting high in the PrOduCCs ef- 
below atmospheric, the negative phase. As the posi- fects which are Ne different from those of an 
tive phase moves out, the air is heated, causing the bomb. The - wan from the bomb as 
ktter part of the positive phase to increase in speed, an ’Phm It the @ 

in turn results in a “cm.&g” at the front directly wder the bomb, a Point known ”ground 
of the wave producing a “shock front.” Figure 14 zero,” the fom is directed downward. At points 
is a g a p h i d  representation of the shwk wave farther from ground zero, the blast wave strikes at a 

how the pressure rises from atmospheric to peak directly under the bomb could be u d e c t e d ,  while 
positive almost instantly and then subsides more One distance away might be knocked 
gradually to atmospheric and below. oyer. When the shock wave stnies the earth, part 

of the energy is absorbed and the rest reflected. 
The negative phase in both cases lasts from thm to This c a w s  an deet which is pculiar to air 
thrreand-a-half times as long as the positive phast burst and, hence, is peculiar to an atomic h b ,  aiacc 
Note also that except for size both as to peak pru- the atomic bomb is the only om which n o d y  
sum and time involved, the atomic shock wave is might be exploded high enough to produce this d- 
identical to that of a TNT explosion. The positive fect. As the shock wave upandq the reflected 
Pressure phase of a nominal atomic bomb, i.e., 20,OOO shock wave expands dong with it, like a gigantic 
tom of TNT equivalent, lasts about a third of a set- soap bubble. At the point of intersection of the tao 
Wd at a point Loo0 feet from the explosion, and at waves, the primary wave ia rtinlomd by the re- 
2% miles distant lasts a second and a quarter, flected wave, resulting in a wall of shodc which may 
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E[acr E@# of m Air Burst 

a sh& is p r o d u d  which m a t e s  in 41 &- in w1Osim On or a little the W k  This 
h m  from point of ~ p ] o ~ ~ .  This shock CNSCS the fom Of the to dinaed Upwsrd, .nd 

formed both by TNT and an atomic bomb. Note Vealer from the v e r t i d  A telephone Pole 



be from two to eight timu the strength d the orig- 
inal shock wave This reinforcing of the primary 
wave is harm as the “Mach Effect” and is illus- 
trated in figure 15. Thus we see that by exploding 
the bomb high in the air, the area of destruction and 
damage is greatly increased, not only by the fact 
that the blast is able to rea& a large area but is 
actually reinforced by the Mach effect. 

The actual magnitude of this shock wave is meas- 
ured in terms of pounds per s q ~ a n  inch of “ma- 
pressure,” which is the ixrease over n o d  pressure. 
Figure 16 shows pepk overprcsure at various dis- 
tanns from ground zero and the structural damage 
which might be caused. The actual damage the shock 
wave will produce depends, of course, on m y  things. 
The type of construction is important. Reinforced 
concrete buildings will stand a much greater pressure 
than brick or frame buildings whose chief element of 
support is the walls. The effect of terrain is very 
important. The shock wave may be deflected by 
hills, skip over valleys, or in some cases, be rein- 
forced by canyons. It is quite possible for houses 
to be damaged at a considerable distance from the 
point of explosion, while others nearer are untouched. 
In general, in the average city it may k expected 
that within a quarter of a mile of ground zero the 
destruction will be complete regardless of the type of 
construction. Out to a mile, reinforced concrete 
buildings will be badly damaged, while other types 
of buildings will be destroyed. Dwelling houses will 
probably k destroyed out to a mile and a half 
from ground zao. Minor damage can k w e d  
out to a considerable distance. In Japan some win- 
dows were broken as far as twelve miles from the 
blast. Here the terrain was probably a factor, 8s 
some houses much closer were undamaged. As an 
interesting comparison, a hurricane wind of 100 miles 
per hour will exert a pressure of 30 pounds per square 
foot on a building. At a quarter of a mile from 
ground zero, the sbodc wave exerts a pressure of 
about 30 pounds per square inch. (30 psi), 1 4 4  times 
as great. According to present estimates, an over- 
pressure of 30 psi will destroy any building found in 
the United States. The average home will be de- 
stroyed by an overpressure between 3 and 6 psi. 

It has been stated previously that the blast Ceect 
of the bomb is indirectly the cause of most ef the 
personnel casualtiw. The word “indirectly” it v a y  
important. The human being, in some respects, is 
a rugged animal and is extremely blast resistant. He 
can withstand a shock wave, with no ill effects, that 
would destroy a ten-story office building. It is esti- 

24 

mated thpt to QUY death or &aru injury ta a 
son, a ihodt wave in air must a 
sure of from 150 to 175 psi. At 
shock wave reaches only about one 
value. Therc were no casualties m Japan that ccdd 
be attributed dimtly to shock other thn ruphvcd 
eardrums. BLtt collects its toll of humana by 
secondary etlstr. Collapsing buildings and 6- 
glass and other articles are the mal blast hazards, not 

the fires started in the damaged baildings by wet 1 the blast itself. Another see- e&a of blast 

turned stoves, broken gas mains, ete T k  6 r a  
result in a large number of burn d e s  WIG& 
add to tho% produced directly by the bomb. 

Thermal Efec ls  of (u A i  Bhrst 
About 30 percent of the energy released by the 

bomb consists of electromagnetic radiation of ultrado. 
let, visible light, and infrared rays. The surrounding 
air absorbs much of this radiation resulting in the 
formation of the fireball. At the instant of detona- 
tion the temperature of this fireball is over a millik 
degrees centigrade but as it expands the temperat&: 
falls off rapidly. One ten-thousandth of a secon6 
after the explosion, the fireball has reached a di. 
arneter of about 90 feet and the temperature is ab&’ 
300,oOo”C. Th heball requires about 1 d~ 
to reach its maximum diameter of about 900 feet. At 
this time the temperature of the surface is in thq? 
neighborhood of 7,oOoT. It also cummenccs 
ing very rapidly and in a few -ds has mackif 
an upward velocity of 300 ft/scc. During this time 
the fireball has been radiating heat intenwly in quite 
the same manner as an open fireplace or an el 
radiant heater. The heat waves 
air with the sped of light and 
producing any heating of the air. 
radiated from the bomb is intense (the tan 
on the ground beneath the bursts in Japan was be- 
tween 3,000 and 4,000°C.), it acts for a very short 
period of time-about 3 seconds. 

Of the various types of thermal radiation, the mos;‘ 
serious are the infrared and visible radiation. We 
ultraviolet can produce serious burns (as is 
known to anyone who has ever been sunburned), 
high attenuation in air, plus the fact that it is of 
tremely short duration, reduce it to a minor 

The effect of this radiant heat emanating 
atomic bomb burst prduces 
as a “flash burn.“ Unlike an 
a flash bum may be produced . .  
with the source. As the radiant heat acts for 
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a short time, & d i n g  of dmost m y  kind may be 
highly &ective. The effectiveness of various mat&- 
ds used p1 shields depmda upoa the distance from 
the explosion. In Japan dmry dothing proved an 
effeaive shield for prsonr who were beyond 1,500 
yards from g r m d  zem. Many of these people suf- 
fered S C W ~  bums 011 the ucposed portions of their 
bodies, while their clothing eked complete pro- 
tection. At a lesser distance from ground zero, how- 
ever, clothing is of little or no protection. In this 

bums, and would probrbly disintegrate, allowing the 
radiation to reach the skin. Heat rays tnvel in a 
straight line, so oaly those persons directly in line 
with the flash will be affected. A person around the 
comer of a building or behind a large tree would not 
be burned, although the building or tree might fall 
on him. 

One factor that has an important influence in 
shielding is the absorption qualities of the materials. 
Light colored materials r e f l a  a large portion of the 
heat and will resist radiation that would char the 
same material in a dark color. This was apparent 
in Japan when many women had the designs of their 
kimonas transplanted to their backs in the form 
of bums: the light portions ntlccted the heat, while 
the dark figures absorbed and transmitted it. 

QX the dothjng d be &, dame, Causing flallle 

Although the ularml &et of the atomic bomb 
will char combustible material as far aa two miles 
from the p i n t  of uplosion, and actually ignite wood 
within a mile, it is not directly the cause of many 
of the fires tbat Sprtrg up immediately after the a- 
plosion. Many materials that will char when sub- 
jected to the heat will not ignite due to the short 
time involved. Also, as the heat radiation precedes 
the shock wave, many fires which might be caused 
by direct t h d  radiation may be blown out by 
the shodr wave Mowing. 

Thermal radiation is strongly affected by the dust 
and moisture p m t  in the atmosphere. For this 
reason, it is not pwsible to state definite thermal 
effects at various distances which would hold true 
under all conditions. On a dear day, a person 
in the opm 6,000 feet f r h  the explosion would re- 
ceive third degree bums on the exposed  portio^ of 
the body, If a dense haze were present he could 
stand in the open at the same distance and not be 
burned at all. 

Thermal radiation of the bomb is more of a per- 
sonnel hazard than a structural one, and as about 
20 to 30 percent of the fatalities and 70 percent of 
the casualties in Japan were attributed to direct 
thermal radiation, it may be considered a very serious 
one. Thermal &ectr at various distances on various 
materials are shown in table 11. 

Seetion IIL NUCl 

The one &cct of the atomic bomb which is pc 
c d i r  to that weapon and not shared with convcn- 
tional urplosiver is the nuclear or ionizing radiation 
that accompanies the explosion. These radiations 
consist of neutrons, alpha and beta particles, and 
gamma rays. Ionizing radiation is harmful to liv- 
ing organisms and, therefore, constitutes a per- 
sonnel hazard in the vicinity of an atomic explosion. 
The results produced by this radiation on the hu- 
man body are discussed in chapter IV. 

The radioactive component of the bomb generally 
is considered in two categories-the radiation pro- 
duced by the bomb during the first minute or so after 
detonation, and the w’idual radiation of land, water, 
and objects which may have become contaminated 
with radioactive products of the explosion. Some 
residual radioactivity may be induced in the ground 
or in salt water by the neutrons released during the 
fission process. The initial radiation itself may be 
divided into two parts-that radiation produced 
during the fission process, lasting only a few mil- 

;EAR RADIATION 

lionths of a second, and the radiation produced by the 
fission products. The radiation produced during the 
fission process, known as “prompt radiation,” con- 
sists of neutrons produced during the chain reaction 
and gamma rays. As few of the gamma rays ever 
reach the air, the neutrons are the only significant 
radiation during this phase. When the chain re- 
action has ceased, the material which was fissioned 
consists of many radioactive fission products emitting 
beta particles, gamma rays, and a few neutrons. 
The neutrons emitted during this phase are so few 
in number that they may be considered of no im- 
portance, and as the range of the beta particles is so 
short (only a few feet in the air) the only sadiation 
which must be considered is the gamma. 

Except for the instantaneous flux of neutrons, the 
effective radiation in an atomic burst consists of 
gamma rays mined by the radioactive fission prod- 
ucts. These fission products are made up of about 
60 different isotopes representing about 34 different 
elements. Probably all are radioactive to various 
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intense. Each fdlowa ita nonnrl 

17 ja a t y p i d  curve of intensity plotted ‘** ~thiscax, i t isastmedthat1hour 

r( ~ given l&on is one roentgen per hour. It can 

bc thpt the intensity falls OtI npidly immediawy 
time  OW on, the decrrprc 

p-ty becomes v u y  gradual. This is the result 
d the highly in- Short-lived fission produas 

into long-lived isotopes of comparati4ly 
in t a i t i e .  As some of these isotop may have 
dY long half-lives, the radiation, even though 
br, m y  continue to exist for thousands of y m .  

m g h  6gure 17 is based on an injtial intensity of 
rmtgen per hour, at 1 hour after detonation it 

m j  hold true for other initial intensities. For ex- 
mple, if 1 hour after the burst the intensity was 
found to be 100 roentgens pa hour, then, from the - we see that 4 hours aft- detonation the in- 
t&ty is 19 roentgens per hour. For a ready rule 
of thumb, the intensity may be regarded as decreasing 
h d y  as to time; for example, the intensity at 

mta;n spot 10 hours after detonation will be a p  
one-tenth that at 1 hour. This is a 

~UffKently accurate estimate for use in the field. 
I n  the discussion of the t h e 4  elTccts it was stated 

that almost immediately after the b r e w  formed it 
commenced rising at a rapid rate, initially at more 
than 200 m. p. h., so that it reach- an altitude of 
1S.W feet in about a minute and a half. All the 
fission products are retained within this fireball and 
rise with it. Thus, even though the fission products 
radiate gamma for a considerable period of time, the 
rising fireball removes this source of radiation from 
the earth in about one minute. The atomic cloud 
moving rapidly toward the stratosphere is still a 
Source of intense radiation. and a danger to airmen, 

explosion but, 

but for the survivors below it may be foigotten. This 
cloud continues rising until it reaches the stratc- 
sphere, between 30,000 and 60,000 feet. At this point 
it spreads out, and the radiation particks are gradu- 
ally dhsed, thus causing a reduction in intensity, 
which is in addition to the natural radiosctive decay. 

Gmwal Efects of Radiation 

shcl or comrch? a n  give any proteEtioll ftom th& 
typeofmdiatiion. W h e n q J m k i o g d ~ t h e  
t n m  ‘W tb ickd’  frcqncatly is  d, It m y  be 

4 

defined as th thickna of a certain nmtaial wlaich 
is rquind to reduce the intawity of trdLtioa by 
onehalf. The half thickness of hcl is 1 inch; &us, 
if a steel plate 1 inch thick were phced in a radiatim 
field of 80 intmsity of 400 dhr, it wcmld reduce the 
intensity to 200 rm; 800 r/hr would be r e d d  to 
400r/hr. Thishaifthicknesadumtcri&depcnds 
mostly on their densities, JG inch for lad, 1 inch for 
steel, 3 inch- for concrete and 5 inchts for earth. 
The best defence against ionizing radiation is distance. 
Any radiation from a point source will diminish in 
intensie aefording to the law d iuvcrre sq-. 
In other words, if a point “A” is twice the distance 
from the source as point “B,” the intensity at “A” 
will be oncfourth the intensity at “B,” if “A’! is three 
times as far as “B,” it will be oneninth, etc Gamma 
radiation is similar except that there is an additid 
attenuation caused by the ganmm photom reacting 
with particles in the air and giving up sarme of their 
energy. This causes a reduction d intensity by a 
factor of tm for each 800 yard8 distpnce from the 
point of cxplosim. 

Without going to deeply into the medical aspats 

of radiation that will produce harmful or lethnl efiecu 
on penonncl. A totat dosage of 450 roentgens re- 
ceived over the whole body m a short time, such as a 
few minutes, probably will be lethal to 50 p e n t  of 
the people exposed This is known as the MLD or 
“ m e d i i  lethal dose” of whole body radiation. A 
dose sciuewhat less than this might prove fatal to a 
few DCOD~C. but most would recover. Conmselv. a 

of radiation, it might be well to disaurs the 8mouIlt 

. . .  .. 
few pcopIe might survive a dose of 600 roentgens, but 
the majority would die. A person in the open would 
receive the MLD of 450 r at a distance of 1,300 yards 
from ground zero. The attenuation is so strong, how- 
ever, that at 1,500 yards from ground zero only 150 r 
would be received, which would not be fatal and 
would result in sickness in only about half the people 

distances. For example, at 1,XN yards 3 i n c h  of 
concrete would reduce the total dosage from 400 to 
200 r, that is, ftm a dose that might k fatal to one 
that definitely would not be and might not even cause 
sidcncsk It has been estimated that 50 percent of 
the total dose is received during the 6rst second aft- 
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a p e d .  shieldingcanbeveryimportaatatthese 

- 
It was stated in the discussion of thermal &cts 

that shielding of almost any type could be very &ec- 
tive in preventing burns. This is not true at all con- 

/ 
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the burst If a caught in the open could reach 
sonic cover, as khhrd a wall or in a slit trench, within 
a second after aeeing the flash, a significant portion 
of the radiation might be avoided. This might mean 
the differenec between life and death at suchdistanca 
from ground +a, that the unshielded dose is near 
the medii  lethal range. 

Nruwon Radiotion 
At the agiMing of the discussion of radiation a 

neutron flux was described as emanating from the 
bomb during the 6rst instant of explosion. Neutrons 
are similar to gamma rays in that they are ionizing 
and are harmful to living organisms. They also a n  
highly penetrating. The neutrons, however, do not 
have the ‘;urge of the gamma rays and for a 2,000 
foot air burst would not be lethal for personnel in 
the open at distances greater than one-half mile from 
ground zero. At this distance the unshielded dose 
from gamma radiation would be over 2,000 roentgens, 
so that neutron radiation cannot be considered an 
added or individual hazard. 

Rasidvd Radktim 

Residual radiation, as the name implies, is the 
emission of alpha, beta, and gamma rays by radio- 
&ve material which may remain in the vicinity 
of an atomic explosion. Although this type of radi- 
ation may be produced by neutrons striking the earth 
and inducing radioactivity in the elements therein, 
most of it results from the scattering of fission prod- 
ucts. One other source of radioactivity is the m- 
nium or plutonium which has not undergone fission 
but has merely been blown into minute fragments. 
Thew materials emit only alpha particles. They 
might become an internal hazard to personnel if de- 
posited in a populous area in quantity. The internal 
hazard of radioactive particles will be covered in the 
chapter on medid &ects. As was shown in the 
paragraph on neutron radiation, the neutron range is 
comparatively short, so in a high air burst only the 
ground in the immediate vicinity of ground zero 
would be &ected, and only to a slight degree. The 
rising fireball which is followed by an upward rush of 
heated air forms a chimney-like effect that carries 
all the products of explosion to a great height before 
they have a chance to settle to the earth. These 
radioactive particles that result from the explosion 
of an atomic bomb are extremely small, ranging from 
diameters of about 1,000 microns (1 micron = 10‘ 
cm or about one four-thousandth of an inch) to 

diameters of less than ‘ 5  microns. These particles i 
a n  of such 4 size that they do not fall to the ’ 
earlh immediately, many of them remaining in the 
air for long pcrioda of time. During the time these 
partides rrmrin in the air they arc losing their 
intensity, due to radioactive decay, and are being 
gradually disprscd by the wind, so this “fallout” of 
radioactive mptcrirl cannot be consided a serious 
personnel barad resulting from an air burst. If the 
force and dirrctica of the wind is known for various 
altitudes up to 6C,OW feet, a plot may be made show- 
ing arcas likelyto be affected, if at all. 
Thus, we see for a high air burst the residual 

radiation produced is extremely Gnor, and when 
compared with the blast and heat effect of the bomb, 
it becomu negligible. While ioniziig radiation is 
produced and represents a definite personnel hazard, 
this ceases to be of any dangerous intensity at ground 
level after about a minute. Rescue work, therefore, 
can be commenced almost immediately after an air 
burst and should not be delayed on the supposition 
that dangerous radioactivity may exist. 

Surfaca Burst 

An atomic bomb exploding on or near enough to 
the surface 50 that the fireball touches the earth is 
known as surface burst, and the general effects are 
different from that of the high air burst. The blast 
&ect of a s u k  burst is much more intense in the 
immediate vicinity of the bomb but the effective area 
of damage is considerably less. This is c a d  by 
the shodc wave being projected outward and upward 
rather than downward, and the fact that the burst is 
so close to the ground the Mach cfiect does not take 
place. Thus, we see as far as blast damage is con- 
cernd, the bomb is more efficient when exploded high 
in the air than when exploded very close to the sur- 
face. The result desired from any bomb usually is 
widespread damage rather than complete annihilation 
of a small area. With respect to thermal radiation 
effects, the tremendous heat of the fireball would 
melt or vaporize most objects in the immediate 
vicinity but the shielding &ect of buildings might 
reduce the &e&ve area. The effect of the immediate 
gamma radiation of the surface burst would be quite 
similar to the air burst, but some shielding would be 
provided by structures. The residual radiation pro- 
duced by a surface burst will be quite appreciable. 
As the bomb is much closer to the ground, the neutron 
flux is much more intense and will cause considerable 
induced radioactivity. In addition, many fission prod- 

s t  



org rriff k fwtd trtD the pround by the heat of the 
explosioa or be aep0oitc.d by condensation. The MI- 
out may be a cause of m i d u d  radiation, as there will 
k coasidcnble dust and d fragments of matter 
drawn up into the doud by the explosion. These 
paticlea, with fission products adhered to them, and 
king of larger size than most of the fission fragments, 
wil l  fall to earth while the activity is d l  intense. 
Shortly after the Alamogordo test, some cows about 
15 to 20 d e s  from the explosion were subjected to 
tk klht of dust containing d o a c t i v e  particles. 
However. d e r  than loss of hair, which later grew 
bDdr a di&reot color, the cattle showed no permanent 
ill &e&. 

Subsurface EWJ~J 

As the only subsurface burst of an atomic bomb 
to date was thc w e h o w n  "Baker Test" at Operation 
Crossroads, which was an underwater burst, that 
type of burst will be described. In this type, which 
is radically different from the air burst, the thermal 
eftat arid immediate radiation are practically neg- 
ligible, while the residual radiation is very extensive. 
The underwater shock wave produced by the ut- 

plosion will sink &e strongest ship within a radius of 
600 yards and cause damage to hull and machinery 
up to a range of 1,500 yards. The underwater burst 
at Bildni sank nine ships. However, it must be 
takm into omsideration that the ships were moored 
very dose to each other for the purpses of the 

The most &king eft@ of an underwater burst 
is the residual radiation or contamination produced. 
Nearby land and water and the objects thereon, such 
as homes and ship, become contaminated when 
radioactive paitides are deposited on them and ad- 
here to them. Contaminated objects appear to be 
radionaive but actually they are not. W h e n  the 
radioactive particles are removed, the objects them- 
selves no longer give any indication of radioactivity. 
This conbmhtion and the methods used for de- 
contamination will be discussed more fully later. 
When the bomb bursts underwater, as at Bikini, 
the fission pralucts are trapped by the water and 
wried upward in the huge column of heavy spray. 
This column drops back into the water almost im- 
mediately, carrying the fission products back with 
them. The immediate gamma radiation at this point 
is negligible, as only the fission products on the out- 
side of the column are &ectivc, and the column is 
approximately 2,WO feet in diameter and reaches 

experiment 
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a bdpM of abaut 5,000 feet. The t h e d  effect of 
the homb in tbia case dso is negligible. aa nearly all 
the heat is abmbcd by the water. At Bilrini, when 
this column of hpvr spray fdl badc into the water, 
it produced a peculiar &ect known as the "bsse 
surge." This &ed of billowing clouds of radio- 
active mist ucpelkd outward from the falling spray 
coluiun. At k s t  it moved out with a speed greater 
than €0 miles ps hour but slowed rapidly to a speed 
of only a few miks per hour. It gatred m height as 

. it moved, reaching a height of over 2,000 feet at the 
w.tat of its outward movement. As the base surge 
moved outward, a rain.commmced whieh b e d  for 
about an hour after detonation. At this time the mist 
clouds rose fmm the water to a height of about 
1,500 feet. It eventually formed cumulous clouds 
which joined and became indistinguishable from the 
cumulous clouds which were present at that time. 
The base surge, as it moves outward from the base 
of the spray column, is highly radioactive, contami- 
nating everything in its path. Its radioactivity di- 
minishes rapidly, however, due to the rainout de- 
positing fission products and the natural decay of the 
fission products contained within. 
In addition to the fission products, a certain amount 

of contamination Rsults from the neutron-induced 
radioactivity of the sodium present in sea water. 
Scdium is one of the elements that is particuhrly 
susceptiile to neutron activity. However, this ac- 
tivity is only a d part of the total activity due to 
fission products. 

The contamination of the target ships at Bikini 
caused by the underwater burst was quite extensive. 
It was many days before some of the ships could be 
boarded for more than short periods of time. Al- 
though the contamination crews went to work imme- 
diately, it h e  apprent that complete decontami- 
nation would not be practical in view of the expense 
involved and the fact that the ships were obsolete and 
many badly damaged. It was for this reason many 
ships were sunk in deep water, although. unfortu- 
nately when reported in the press the impression was 
given that the radioactivity present could never be 
removed. There was no ship at Bikini that could not 
have been completely decontsmiaated and made a- 
tirely liveable had the situation warranted. In fad. 
some of the contaminated ships were made completely 
habitable and returned to service. 

The base surge, which produced such a large 
amount of contamiaation at B i W ,  is a phenomenon 
which belonged to that particular explosion, i. e., the 
depth of the water and the depth of the bomb when 
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ONE HOUR AFTER BURST ' 
Pipre Id. Contaminatia caused by sub-swfme atomic burst. 

it exploded. The effect that would be produced under 
different conditions is a matter of conjecture. See 
figure 18. 

All the information that is presently at hand con- 
cerning subsurface bursts is gathered from the under- 
water test at Bikini. As there has betn no actual 
underground test, the eReas of this type of explosion 
can only be estimated. In this case the shock nave 
would travel underground rather than through the 
air, causing an earthquake effect which would un- 
doubtedly be highly destructive to buildings in the 
immediate area. The air blast and the thermal radi- 
ation would be absorbed by the earth. Immediiate 
gamma radiation would be negligible; however, the 
residual radiation and contamination produced would 
be extensive. 

Containination and Deconlomination 

Residual radiation or Contamination produced by 
an atomic bomb may be of two types-radioactivity 
induced in certain elements by the neutron flux, and 
that produced by the scattering of fission products and 
unfissioned nuclear material. Induced radioactivity 
is very slight in the air burst, and even in a surface 

or subsurface burst would be by far the minor murec 
of contamination. It is true that after the Able Test 
at Bikini some induced radioactivity was detected on 
the target ships. Salt on mess tables and silverware 
were affected, as sodium and silver have high capture 
cross-sections for neutrons. The Able burst, how- 
ever, although classed as an air burst, was actually 
very low, only a few hundred feet above the water. 
If it had occurred 2.000 feet in the air, which is con- 
sidered the optimum altitude for an air burst for a 
bomb of this size, it is doubtful if any radioactivity 
would have been induced. 

The main cause of contamination is the adherence 
of the radioactive particles to the ground or objects. 
In this case the object which has been contaminated 
by radioactive particles will appev to be radioactive 
due to the presence of these particles. If these par- 
ticles are removed, the object will lose all signs of 
radioactivity. In other words, radioactivity is not 
contagious; radioactive particles will not transmit 
their radioactivity to the object they happen to adhere 
to. However, this radioactive contamination is easily 
spread by direct contact. In this case the particles 
themselves are transferred. Care must be taken when 
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handling objects known to be contaminated to pre- 
vent this s p r d i g .  

These radioactive particles actually are made up of 
n ~ y  unstable atoms. As the atoms themselves are 
the cause of the radioactivity, they are completely un- 
dected by any chemical process such as burning, 
melting, or combination with other elements. In 
&Iet, this means that there is no way of neutralir- 
ing radiaactive contamination by the addition of some 
other chemical, as can be done in the case of mustard 
gas by the addition of chloride of lime. An object 
may be decontaminated only by physically removing 
the radioactive particles and depositing them in a 
place where they may continue their radioactivity 
harmlessly. This is one of the biggest problems 
where decontamination is concerned-to remove the 
partides without spreading them over a wide area 
and thereby creating an even larger problem. 

The most elementary method of decontaminating 
personnel and small objects is simply scrubbing with 
s a p  and water. A good detergent added to the 
water helps, as it breaks down the surface tension 
making the water “wetter” and enabling it to get into 
tiny pores and cracks and flush out the minute par- 
tides. Citric acid has been found to work well for 
this purpse, as well as many commercial detergents. 
It should be brought out that any chemical added 
to the water serves merely to assist the water in its 
task of removal of radioactive particles. It d w  not 
in any way reduce the radiological effect, Clothing 
may be decontaminated by vacuum k i n g  or laun- 
dering. However, the vacuum cleaner must have a 
filter pttached to trap the p a r t i c k  and the laundry 
must be especially quipped so the waste water will 
not spread the contamination. Porous materials arc 
considerably harder to decontamitlDe thaa hard or 
smooth surfaced materials. In this case the small 
partides k o m e  deeply imbedded, and it may be 
necessary to remove part of the surface. Here, again, 
the problem of avoiding the spreading of contamina- 
tion comes up. Wet sandblasting is quite effective 
and prevents the dispersal of contaminant in the air. 
A land area which is contaminated may be cleared 
for the passage of troops by employing bulldozers to 
scrap a passageway. A cut of 6 inches ordinarily 
will remove all radioactive partides. 

Personnel Precouiiont 

Personnel working in a contaminated area should 
wear protective clothing consisting of coveralls, 
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gloves, boots, nnd a respirator. The kttv is to pre-’ 
vent the breathing of radioactive dust which might 
have serious consequences. The protective clothing 
would be of no protection against gamma radiation, 
but any known contaminated area would have to be 
monitored for gamma prior to anyone entering for 
decontamination work. The nason for the protec- 
tive clothing is to prevent beta and alpha emitters 
from coming into contact with the skin. Intense 
beta ra&tion m y  cause bums and lesions of the skin 
which art slow healing. Also, it is much easier to 
unzip a covvrIl than to scrub for hours in a shower. 
although the shower also should be included as a 
further precaution. 

SUMMARY OF ATOMIC BOMB EFFECTS 
Air Burst 

In this type of burst the blast and heat effect of the 
bomb will cause destruction and dartage over a wide 
area. The immediate gamrna radiation will be a 
definite personnel hazard for a minute or two after ’ 
the explosion but will cause only a small p e r m  
of the total casualties. Residual radiation and UM- 4 
tamination will be negligible. 4 

4 Surface Burst 

The blast and hest effect will be somewhat localized, ’ 
it., will be more intense in the immediate vicinity o$ 
the burst but will not cover as much of an area PI 

that produced in the air burst. The immediate ra- 
dstion wiU be present and the effect w i U  be similar 
to that of the air burst. Residual radiation pro& 
bly will also be present in varying degrees. It migbT;L 
present a serious problem in mnntction with r-T 
work, fire fighting, etc. Radio-activity might well bt 
spread over a considerable area by fall-out. 

4 

Subsurfwe Burst 

The eRect of this burst is somewhat similar to the 
surkce burst. A portion of the blast effect wi 
absorbed underground produang a shock wave. 
blast effect in air will be less than either the ai 
surface burst but will be of considerable force. 
thermal radiation probably will be negligible. I 
diate gamma radiation will be considerably 
but residual radiation probably will be 
The spreading of contamination will be conside 
increased if a base surge is formed. 



sectioll I. 
A single atomic bomb of the type dropped on Naga- 

saki and Hiroshima during the war can lay waste the 
of a large city and injure and MI great numbers 

of people. In the two Japanese Cities, over lO0,aOO 
killed, and nearly as many were. injured. If a 

bomb were dropped in such a way as to leave the 
lrea Wntaminated with radioactive materials, other 
cas~lties might result and rescue and repair work 

be hampered. The area of damage, the nun- 
ber a d  kind of d e s ,  and the extent of con- 
tamination would depend on how powerful the bomb 

and on how it was used-whether at high or 
low dtitude on a dear or stormy day, or exploded 

&& way in which a bomb was used would have 
ju own particular type of hazard. In some eases, 

a* of damag~ wwld be at a maximum; in 
&ZS the area of damagc might be reduced but ra- 
d i d v e  Wntamin&on would be more severe. In 
these discussions, we are primarily interpreting data 
derived from the Japan= bombings in which an 
atomic bomb, considered as roughly equivalent to 
&g off 20,OOO tons of TNT, was exploded at 
a height of about 2,000 feet above the earth on a 
clear day. This was about the altitude at which 
a bomb of this power is estimated to have the greatest 
&e&. Higher than this, its blast && would be 
wakened ; lower than this, the circle of damage would 
be reduced. 

in a river or harbor. 

The Pozver of the Bomb 

The Hiroshima and Nagasaki bombs caused total 
destruction and serious damage to buildings-and 
death and injury to people-for 2 miles from the 
pint at which the bomb was set off; the extreme 
limit of damage was about 4 miles. More powerful 
bombs could cause a wider area of damage, but very 
great increases in explosive fo re  are necessary in 
order to accomplish relatively small inc- in the 
Md of damage. For example, it would be necessary 
to double the power of a bomb in order to increase 

radius of severe damage and injury by one-fourth 
from 2 to 2% miles. Estimates based on the type 
of bomb dropped over Japan can be used as a rough 

for discussion and planning. 

GENERAL 

The Way Bomb Is (Id 
A high air bursf such ar that in Japan, leaved no 

A tomb aploacd in the air at low altitude, u in the 

teriak in its immediate vicinity. It will not a t k t  as 
wide an area, and the screening effect of hiUa will 
be increased sina the explosion takes place closer to 
the earth. RadioDEtive contamination will, however, 
be severe within a limited area. 

An underwater explosion of an atomic bomb also 
might cause serious contamination. The area af- 
fected would depend on where the bomb exploded, on 
the combined depth of the water and the softbottom, 
such as .mud, and upon the d i d m  and force of 
the wind. At Bikiui, the underwater (Baker) test 
caused what is lmown as a base surge, a 200- to 
3oo-foot "wave" d heavy radioactive mist which 
spread outward from the base of the mushroan tower 
of water, turned into a low-lying rain cloud and p r t  
cipitated radioactivt materials over the surrounding 
area. If the explosion of a bomb c a d  such a 
base surge, contamination of any adjDecnt land - 
would result. Other types of injuries frwn the ex- 
plosion itself, homer ,  would be reduced. 

dangerous amolldr of r c l d i q  m the ground. 

Alamog~rdo td, will prlvuize and -@ mp- 

Efccts upon People 

The && of the burst of an atomic bomb upon 
people are essentially the same as those caused by an 
amount of T N T  that releases an equivalent total of 
energy, but with artain added factors. Mechanical 
injuries suffered in the collapse of buildings will pre- 
dominate in both cases. The main dieerences are 
first, the greater amount of radiant heat released by 
an atomic explon'on; second, the large amounts of 
light, induding ultra-violet; and third, the large 
amounts of nuclear d i m .  

Injuries to people from an atomic bomb can be 
divided into four gmeral catcgorics-those caused by 
the blast pressure wave directly; those caused whm 
buildings are wrecked; those caused by burns, either 
in the wreckage or from radiant heat; those caused 
by nudear radiatioll, either directly or through resid- 
ual contaminati'on 
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The contamination absorbed by the water, however, 
is spread whenever a base surge is formed. 

In the case of such a high air blast as in Japan, 
m e  15 to 20 percent of the deaths probably will be 
caused solely by nudear radiation. The remaining 
80 to 85 percent will be caused primarily by injuries 
dud in the collapse of buildings and by burns, al- 
though many of these also suffered severe radiation 
exposure. 

Practically all the direct injuries caused by the ra- 
diant heat take place within about 2 to 3 seconds 
after the initiation of the explosion. J a m  people 
in the open suffered third-degree burns up to 1,500 
yards and second-degree bums up to 4,000 yards. 

injuries fell off sharply. The shodc ware from & 
blast sweeps outward rapidly fmm ground zero ..4, 
in the case of Japan, took 8 -ds to travel 2 mit& 
to the perimeter of damage. Injuries from its e&& 
occurred throughout this region. 
In the following sections are discussed : (a) lh; 

type of injuries caused by an atomic explosim, a 
the extent to which they occumd in Japan at 
distances from ground zero; (b) the nature of & 
radiation hazard, the eEects of exposure, and 
of the treatments for acute radiation sickness; (e) 
the nature of the hazard from radiological contam& 
tion-not encountered in Japan-and some of & 
precautions that can be taka against it. 

Section 11. INJURIES FROM ATOMIC BOMBS 1 
Air Blast Eflects 

Air blast effects on people fall into two categories : 
(a) Those caused directly by the pressure wave of 
the blast. and (b) those caused indirectly by collapse 
of buildings, flying *, and by p p l e  being 
thrown against solid objects. 

Direct Injury 
Direct blast injury may oacu~ wherever the air 

m e s  into contact with body surfaces, particularly, 
the intestinal tract, the stomach, the lungs, the ears, 
and the sinuses about the nose. Greatly incrcaxd 
pressure, especially if the increase is sudden, can 
tear these tissues. Practically no injuries of this sort 
w e n  reported in Japan among,survivors. 

In the water, the dangerous level for pressure is 
about 500 pounds per square inch. In an underwater 
atomic explosion, any person immersed in the water 
probably would be killed or seriously injured up to 
2,000 yards from the zero point. 

Indirec: Injury 
Secondary blast injuries arc an important cause 

of death in an atomic bomb explosion. Since prac- 
tically all brick and light masonry buildings with 
weight-bearing walls in the blast area will be wrecked, 
wooden buildings flattened, and the doors and other 
partitions of blast-resistant steel-reinforced concrete 
buildings blown out, people in or near these buildings 
wil l  be killed or injured by collapse of structures, 
and by missile effects of debris. Among such in- 
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juries will be crushing, fracturing of bones. 
lacerations and bruises of various types. Mechanical 
injuries resulting from atomic bomb damage vary ia 
no way from those that would be produced by &u 
explosives or missiles except in the number of casual- 
ties. 

Flying glass contributed a large share of supcr6eial 
injuries, to be expected in any powerful expl&. 
In Japan, for example. cases were reported of gIass 
fragments having penetrated over an inch bcnepththe 
skin. However, the clinical course of Japanese pa- 
tients with mffhanical injury showed that that in- 
juries were not unique and such impairment as OE- 

curred was clearly attributable to the usual cwses 
such as infection, loss of blood, and starvation. 

Injuries D w  to Heat and Light 
Severe bums were caused both by the radiant ha t  

from the explosion of the atomic bomb (flash burns) 
and from the fires that broke out in the wmhge 
(flame bums). Those who looked directly at the 
burst suffered only temporary dazzling and loss of 
vision. Temporary blindness resulted when the in- 
tense light bleached out the substance nitbin thc 
eyeball called “visual purple,” and persist 
seconds to several hours until the body cod 
facture a new supply. 

Where hemorrhages of the eye occurred, 
probably from the general systemic effects of n 
radiation. Coniunctivitis was common. but thir m 



--- - 
of the skin. The d t y  of m individual’s 

of the bums, as well as upon the propor- 
rim of & body’s total skin area that is &d uc bomb tlasb bums Mer from those caused 

of explosion, since they are due to 
- x m t  hat rather than to hot gases, M in the case 
- IJI burst or gasoline exp!dm They are mad- 
y &&gdshed because atomic 9asb bums are sharp - outline and are oriented to the point of the explo- 
don. Sbdow &ects are prominent. An car, for 
-le, might be hdly burned yet the skin be- 

~ 0 0 %  clothing afforded some protection against 
6 -*.mic firrh burn, and d m  also bad a protective 

&. White clothing tended to reflect the radiant 
bept. while darker clothing absorbed it. Cases were 
apUnd where the dark d o r e d  pBttmrs on light col- 

himy, as with other trpes of bum depends UP 

I b Y & P  

d d  the be Unharmed. 

where the dothing was tight. For exam@, on 
& shoulders where the shoulder a p s  were tightest 

1 burns were more severe. 
1 

FIam B u m  

The flame bums in Japan mostly occurred when 
W l e  were trapped in the wreckage of buildings 
which afterward caught fire. A conhgration may 
be expected to follow any atomic bomb blast. Not 
only is the radiant heat sufficient to ignite wood and 
tighter materials dose in, but the collapse of struc- 
tures overturns stoves and furnaces, breaks electric 
wires, and ruptures gas lines above ground. About 
70 percent of Hiroshima’s fire-fighring equipment was 
destroyed, firemen were killed, the water supply was 
disrupted, and streets were clogged with debris. 

The uprush of the atomic cloud after the explo- 
sion causes an inrush of wind, and heat from fires 

I -  
I 

resulted, with galewinds sucked inward towvd tbc 
center by the continued upruab ofM air. Thin did 
not OOCUT at NPknld. but must& mumed u a 
dangcrinanntomicblut. Attbtvaykut.firrr 
about the perimeter will tend to consoliduc and cat 
offhelpfrompeopktnppdnithintheblastarea ‘ 

Burns suffcrcd from &mes, in sucb coatr, di&r 
in no way from those encountered in any ordinary 
intense firm If the case is not crmplicrtcd by in- 
jury from nudear radiation, the d e t c d d q  hetors 
in survival and rate of rreovery wil l  not vary from 
those of a cunpMbk o d i  burn. Where radia- 
tion injury has been s u f f e n d ,  infection atin be a 
grave danger. 

Among the injured in Japan, there were many 
c a m  where excessive scar tissue (Maids) f o d ,  
and many of the survivors have corrtrpftion defom- 
ities resulting from improper care of bums and other 
injuries during the W i g  process. The deform- 
ities and the keloids are not spedfically related to 
exposure to the atomic bomb, but rather to impaired 
healing and to infection. The keloids also apparently 
stem from a tendency in the Japanese M a raee; 
and burns suffered in non-atomic bomb raids resulted 
in carnparable anum& of scar tissue. Adequate 
medial cara would reduce the amount of keloids md 
prevent much of the crippling. 

Had proper medical care been available, it is also 
probable that many of the Japanese who died from 
burns, as from other eausea, might have been a p d .  
The death totals must be weighed in relation to the 
fact that all medical care was totally disorganized for 
days after the atomic blast. 

Adequate care to injmks and burns sutiered in 
an atomk explosion present a problem of great mag- 
nitude. While the types of injuries, aside from the 
radiation hazard, are similar to those encountered in 
ordinary bombing or other catastrophe, the large 
numbers or individuals involved in an atomic blast, 
and the general chaos that results, present a problem 
whose solution requires a great deal of careful plan- 
ning and preparation. 

Section IIL THE RADIATION HAZARD 

The nuclear radiation that causes direct injury in and constitute the gratest radiolcgical dangcr in an 
an atomic explosion includes neutrolls and gamma atomic blast. Both forms of radiation cause the same 
rays. The former are tiny invisible particles driven type of injury. They penetrate deeply into the M y  
out of fissioning atoms; the latter are invisible elec- and ionize the atoms that make up the various de- 
bomagnetic waves very similar to powerful X-rays ment-rbon, nitrogen, hydrogen, and oxygen 



among others--so that the atoms no longer are neu- 
tral dectr idy,  but carry a positive or negative el-- 
tr ied charge which & than violently reactive 
ehanicsly. Nuclear radation, or ionizing radiation, 
disrupts the complex combinations of these elements 
and thus changes the proteins, enzymes, and other 
substances that makc up our cells and bodies. As a 
result, the cells are injured or killed, and bodily 
functions can k dected ; if enough cells are damaged 
or IciUed, the person becomes seriously ill or dies. 

This ionizing radiation ordinarily cannot be de- 
tected by the scasw. If one touches a hot stove, 
the scnsatim of heat and resulting tissue damage is 
i n y d a t e .  But one may receive an amount of ionir- 
ing radiation that will produce far more serious 
tissue damage than a burn without any sensation. 
AIthough chemical and physiological changes are pro- 
duced almost instantly, no damage will be apparent 
for several days. 

Beyond these general facts cited, very little is 
known about the exact mechanism by which radiation 
harms living molecules, cells, and tissue. The clinical 
&e& have, however, been extensively studied in Ja- 
p, and in the United States a Nation-wide research 
effort to investigate these effects has been underway 
since the early days of wartime development. 

Acute Radicrtion Illness 

The clinical findings in Japan show that people ex- 
posed to heavy radiation suffer various injuries, sick- 
nesses, and malfunctions which together are d l e d  
the acute radiation syndrome. Physicians find that 
the severity of the symptoms i s  related importantly 
to two kctorg-tht amount of radiation absorbed in 
a single dose, and the proprtion of the body nposed. 

It is possible to expose a skin cancer an inch in 
diameter to 5,ooO roentgens of radiation (X-ray) 
without any &kt on the patient other than that 
upon the cancer cells and. some scarring of adjacent 
normal tissues. But one-tenth this amount of ra- 
diation (about 500 roentgens), given over the whole 
body probably would prove fatal. Whole body ir- 
radiation of 450 roentgens is believed to be the dose 
that will kill about half of all the persons exposed 
to it (a dose called the human LD-50, or SO percent 
lethal dose). Half of that amount of whole body 
irradiation, 225 roentgens, would cause radiation ill- 
ness and, in rare cases, might result in death The 
degree of acute radiation illness, and the probability 
of recovery or death, thus will vary sharply with the 
dosage received. The syndrome also can result from 
radioactive materials absorbed and Id& widely 
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within the body where they then could emit their de- 
strucb'oe radiation at close range. This danger from 
internal ndiation is discussed later. Here, we are .  
concerned nith the effects of external radiation. 

Results of Exposure 
Clinical observations make it dear that heavy ex- 

ternal arporum to penetrating radiation causes a mas- 
sive breakdoan of the body's tissues, particularly in 
certain organs of the body. Since destruction of cells 
in various tissues reaches its height at different times 
after arposurr, symptoms from these injuries wiU 
occur at Merent times. Two features make this 
type of body damage unique. 

1. No two organs or tissues of the body suffer 
exactly the came amount of damage. Lymphoid tis- 
sue, bone marrow, the sex organs, and the lining of 
the small intestine suffer heavy damage. Muscles, 
nerves, and fully grown bone are not so easily in- 
jured. Other tissues, such as skin, liver, and lung, 
lie in between thwe extremes. 

2. Unless the radiation has been extremely heavy, 
cells may not die for hours or days. For a week 
after skin is injured, it may show only a s u r f v  red- 
dening and swelling of the underlying tissues. Blis- 
tering and loss of dead skin may be delayed for 2 
WCCkS. 

The course of illness in acute radiation syndrome 
can k described from the case records of Japanese 
exposed to atomic bombings, where their injuries 
were uncomplicated by blast damage or tlash burns. 
Among Japanese who received 600 roentgens or more 
of radiation, the onset of the syndrome was violent 
and, in 75 pemnt of the cases, the first symptoms 
appeared within a half hour of exposure; great weak- 
ness followd and death sometimes oceurred within 
24 hours. Some patients lived 10 days. Among 
those recehing around the LD - SO, or 450 roentgens, 
the first symptoms might not appear for several hours 
and, after the first onset, the patient might be able 
to carry on normal duties for a week. One soldier 
in Japan, exposed in this way, afterward marched 
15 miles with a full pack. 

The sequence of symptoms among all exposed to 
heavy radiation was roughly the same, but the time 
intends of various phases of the illness varied ac- 
cording to the severity of the exposure. Those who 
received around 450 roentgens or less developed ad- 
ditional symptoms-loss of hair and severe infee- 
tions. The illness of a typical patient among the 
latter group gors through four phases : 



Phkatr I .  W i  an hour or so d e r  upolure, the 
patient beunnr ~ u r ~ t e d ,  Vomits, and r&wr pen- 
& prostration m d  wealmars. Diarrhea may mt 

and his blood pressure may fall a little. In general, 
b e  heavier the dasagc, the more ill the patient will be. 
This phase quite simikr to thc “radiation sickness” 
suffered by patients treated intensively with X-ray 
or radium. 

phsr  11. After the first aut  of the illness, symp 
toms t a d  to disappear, and for a period of a few 
&ys to several arccks the patient feels less ill. For 
ptients w h ~  h v e  suffered the heaviest radhtim, this 
priod will be short. Reports have stated that Jap- 
anese injured by radiation alone were entirely with- 
out symptoms during this time, but the best informa- 
tion is that they were sick people who, because of the 
mergency, drove themselves to do what had to be 
done. 

phase III.  The illness reaches its height during 
this phase. Whether or not the patient survives de- 
pends on his ability to endure this acute stage. The 
patient becomes apathetic and develops a fever and 
rapid heart action. He becomes incnaSingly weak 
and loses weight He 10- his appetite, may become 
MUSeated and suffer mere diarrhea which is ylmc 

times bloody. Small hemorrhages may appear in 
the skin and the gums bleed. In sevm casea, in- 
fected ulcers may spread t h v h o u t  the mouth and 
dkentnry tract. The hair m y  fall from the head 
and body about 3 weeks after acposure. 

The slightly injured recover quiddy, but those 
who receive a heavier dose of radiation may continue 
gravely ill for weks.  The most severely injured 
m y  grow progressively worse over a period of wceks 
and finally succumb, or may die within a few days. 

P ~ Q  IV. Patients who sunrive enter a convales- 
cmce during which a feeling of weakness and fatigue 
are the outstanding symptoms. It may be months 
before the patients re-cover normal strength and 
weight. The skin hemorrhages disappear and the 
hair, if lost, gradually regrows. Usually within 6 
months, the patient feels completely well. All usual 
methods of examination indicate that, by this time, 
the patient is normal. Nevertheless, it is too soon 
to say that survivors will not suffer further ill effects. 

Other Reartimu 

Besides the symptoms descrikd, the acute radiation 
illness includes damage that can be detected only 
b bboratory tests-changes in blood cells, in male 

organs, and in the functioning of other organs. 

sever;ll rymptcan9 d the third, oi .cute, pb&qig: 
the illness r t c m d i d y  from injurler to csrt.insb:. 
m t a  in the blood. Infections and ulccntiona uir 
because radiation d e e p  white Mood acUs tbu 
normally aid in combating baa&. A few d.yr 
after radiation apsun,  the number of white CJI. 
declines and. in -e cases, the alia dip.ppeu 
almost entirely. The ricin and gum hunorrhppr 
seemingly are eonocctcd with 8 M in the n u m k  of 
platelets in the blood, since these ~ubstpnar play a 
role in the clotdng of the blood. Other a u s q  such 

heparin, a normal blood M d ,  ab0 c o a t r i i -  
Platelets b q h  to dedine d y  lfter an intend of 
days and, where the patient survivea, rrpp~epr dur- 
ing convdesctnct. A third, and very suious. effst 
upon the bloOa, the dsline in the number of red 
c t l h  causes anemia and contriites to the gated 
weakness and debility 80 marked in acute radi.tim 
illness. The dedine in the number of red cells starts 
immediately after exposure and may continue for 
weeks. 

Microscopic studies of tissue, amplified by more 
complete research with animals, indicate t h a  blood 
changes are caused by radiation damage to the 
bone marrow and to the lymphoid tiasue where these 
variom cells arc bom. And the i n j q  to tisalc. aa 
wcll as the course of illness in the patient, a n  be 
traced to damage to the d s .  Radiation causm the 
ccllr to swell, disorganizes their structure and stops 
them from reproducing themselves. The stoppage of 
cell division ocara immediately after irradiation; 
structural changes apprar more gradually. The most 
spectacular change is the collapse of certain parts of 
the cell, and the shrinkage of the nucleus followed by 
death and disinteption. The interruption of cell 
division is temporary, but when new d s  again begin 
to divide they often show bizarre changca in their 
inner structure. 

as an inaeasc in antizlotting aubstpnce that rcsaableJ 

Treotmenl of Radiation Injuries 
Many people believe that very little can be done in 

treatment of radiation casualties. This is true in ease 
of a lethal dose; but certainly is not true when the 
exposure is in the median lethal range. Many bor- 
derline o~ses can be saved by- 

a. Good medical and nursing care. 
b. Whole blood transfusions, given as may k re- 

q u i d  in the individual case until the bone marrow 
has had time to regenerate and produce blood. 

c. Control of infection by antibiotics, such as p i -  
allin. 
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d. Intravenous Wing to supply necessary rugorr, 
proteins, and vitamins. 

e. Control of the bleeding tendency by use of 
dnrgs. 

Whole blood would be required in great quantities, 
primarily, to treat the casualties ruRering from me- 
chanical injuries and burns; secondarily, to treat vic- 
tims of ionizing radiation. 

It has been estimated that for a catastrophe such 
as at Hiroshima appraimatcly 250,000 pints of 
blmd would be needed, S0,OOO per week for the 6rst 
3 weeks. Subsequent to this, there would be only a 
nomid requirement for whole blood. This time re- 
lationship favors the possibility of obtaining blood 
from donors, processing it, and transporting it to the 
operations area, as it envisaged in the blood program 
of the American Red Cross. 

Equally, the time factor would permit evacuation 
of victims to unbombed areas where better nursing 
cug so essential to recovery, could be better pro- 
vided. 

Alter Effects of Radiation Exposure 

Many people who recovered from radiation sick- 
ness itself afterward died from tuberculosis, pneu- 
monia, or some other disease which appeared as 8 
complicating factor during that illness. No unusual 
ill &ects, directly attributable to ionizing radiation, 
have occurred among Japanese survivors. Whether 
or not such aftertffects will OoNr among these sur- 
vivors will have to be answered in the future. There 
are two possible after-effsts from radiation urposun 
that cannot be fully assessed for many y e a r d e c t s  
on heredity and && on fertility (occurrmee of 
sterility). 

Since the demonstration in 1927 that X-rays in- 
creased the natural rate of mutations in the fruit 
fly, there has been much interest in the possibility 
of similar effects of radiation on man. Mutations 
have been produced in a variety of plant and animal 
forms by acute as well as chronic exposure. 

Mice bred up to six generations while continuwsly 
arpoaed to 1.1 mentgen daily of gamma radiation 
from radium gave normal litters and had normal life 
8pul. Mice exposed to 8.8 roentgens per day, up to 
a total dose of 880 roentgens for females and 1,100 
roentgens for males, showed no genetic changes in 
the first generation offspring. Single doses of 1,w 
roentgens delivered to the testes of mice have pro- 
duced gene mutations, both by radiation of the mature 
sperm present. and by changes in the sperm-forming 
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cells, abnormalities of the feet. retardation of growth, 
and a n d  appeared in the offspring. 

From these and other investigations, it is found 
that the likelihood of parents having deformed chil- 
dren after rufferhg sublethal amounts of ionizing ra- 
diation is very slight. 

Genetic Effects 

A study of the Atomic Bomb &&ty Gmunir- 
sion in Japan deals with possible && of d v e  
radiation doKs on human heredity. Any genetic d- 
fects among the Japanese at Hiroshima and Nagasaki .. 
will show up in the offspring of exposed people, 
though possibly not until the second and subsqumt 
generations, No such effects have k e n  observed up 
to this time. Perhaps 25 years must elapse before re- 
liable information can be obtained about the &e& 
of radiation exposure upon heredity following atomic 
bomb explosions. I 

Sterility 
Another Casualty Commission study deals with the 

fertility of the Japanese &ected by atomic bomb n- 
diations blasts. Ionizing radiation can cause pemn- 
nent sterility, but it appears to require about 4 s  
roentgens, the range of the median lethal dose. Tern- 
porary sterility murred among many Japanese, & 
male and female, but the vast majority of than hEsr 
returned to n o d .  It cannot be stated that d 
returned tn normal because investigators do not how 
how many of them were sterile from other cauam 
before the bombing. Many have produced normal 
children since their illness. 

Cotcvrrcts I 

I '  No significant development of cataracts, a growth 
which makes the lens of the eye opaque and mists 
blindness, has been noted among the Japanese aa a 
result of exposure to radiation, although a few havc 
been observed recently. Full evaluation of this 
hazard must wait on lapse of sufficient time for full 
development and investigation. 

Injury Zones in Atomic Burst 

Radiation injury sufficient to cause acute radiption 
illness will occur frquently for wholly exposed per- 
sons, even'a mile from ground zero. UnprotcQd 
people about 1,300 yards away will probably &e 
the LD-SO dose of gamma radiation which d 
cause the death of about half of them. Under 
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9: I 
+uFpq sedpopkcatDinty*riUbetil*d NCU- 
tron &tm would pmvc lethal up to 500 yards, 
but all people 10 prpoacd wwld equally receive a 
lethal dose of gamm~ np. 

In the followiag m p b  of this sectioa, types 
of injuries to be urpcaed at various &stawes from 
p a d  zero, 89 judgtd by effects in Japan, M given 
in summary. Measurrmenta arc of the radius of 
concentric circles whose mter is ground zero, di- 

The cficcts in 
these zones will depmd lomewhat on local hctorq 
especially such topClgrpphirpl feptures as h9s;.and 
the change from mezone to another is graduat rather 
than abrupt. 

&ly below the point of aplosion. 

Hdf-Mile Radius 

Within a half-mile of ground zero. when the atomic 
b b  is similar to those used against Japan and det- 
onated a b u t  2,000 feet in the air, the following will 
Oecllr: 

The blast pressure created by the bomb uplosion 
would demolish all structures not reinfomd con- 
crete or steel conshuction. Even buildings of this 
typ would suffer 70 pacmt destruction. Persons 
not sufficiently protected by shelter able to withstand 
the blast undoubtedly would be Wed by falling build- 
ings or flying wreckage. 

Intense thermal energy generated by the explosion 
would cause fatal burns to unprotected pmwas and 
would start fires in tbe wreckage. 
Because of the concentration of ionizing radiation 

nearly everyone not protected by earth, steel, or thick 
concrete would die. The most serious cases would 
succumb within a few hours to 4 or 5 days after ex- 
posure. A second group would develop sureptibil- 
ity to infection due to destruction of their white blood 
cells and would die from 4 days to 6 weeks after ex- 
p u r e .  Another group would incur multiple hem- 
orrhages and die within 2 to 3 weeks from this 
Cause. 

One-Hdf to One Mile 

Structural damage due to blast and fire would be 
g~nareral in the area outside the half-mile axle and 
up to one mile from ground zero. Residential build- 

+? - , , > ,  . . . .  
;_. 8 .  
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hp would be a b u t  d&royd. Only 6re d- 
S h O C k - d S h n t  bddiig8 WOdd k imrmrne to M y  

bkst effects, and injuries due to W i  debrh ud 
flying glaas caarsquently would be prominent. See- 
d or third dega flash bum would be sueUrd 
by people not pmbeeted. 

Injury from iOathg radiation rlso would k sen- 
ouq but as the distance from the aplorion point in- 
creases, shielding is more & d v C  in ksaeniq of 
damagefromtheraya. 

.pprrd.ble actcnt coruolties from fLme blmw# 

O u  to One ordo Hdf Mila  
Beyond a m i k  blast damage would still be at- 

tensive to residential structures. Fire damage would 
be extensive in iaaammable oms. Flash burns can 
be expected at this distance. Secondary injuries re- 
main fairly prominent, in the a& of proteaion by 
natural or artificial barriers. At Nagasaki, steep hills 
sharply limited the effects of blast and fie. 

Radiation could be exp&ed to be very prominent 
among the causes of injury up to approximately one 
and a quarter des from ground zero. After that 
disfance, such CBSes drop off sharply. 

Ow ami (I Half to Two Milrs 
At Hiroshima the average limit of heavy structural 

darnage was roughly 2 miles from ground zero. The 
limits of fire damage would roughIy coinade with 
this boundary, except when wind causts wider ef- 
fects. Flash bums will not be sa severe in this area. 

Although some Japanese at Hiroshima and Naga-. 
saki who were ill of radiation sickness were reported 
to have been as far away as 1% to 2 miles, ob-- 
tions at tests held since then indicate this is impos- 
sible. 

Over Two Miles 

Structural damage due to blast and fire is apprai- 
ably lessened beyond 2 miles from ground zero and 
secondary injuries correspondingly decrease. The 
maximum distance of a recorded structural damage 
at Hiroshima, however, was 4.1 miles. Radiation 
injury and flash burns would be insignififant in this 
zone 

Section IV. RADIOLOGICAL CONTAMINATION 

radiologieal contamination could h e  a dangerous 
afterdect of the explosion. A high air burst, on a 
dear day probably would produce no dangerous 
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The radiation dangers discussed so far an t h o r  
.fieaing people exposed to immediite injurp from 
the aplosion of the bomb. Under certain conditions, 



mtaniination at all on the surface of the earth- 
it did not in Japan-and pmple could enter the 
area, even d i r d y  under the point where the bomb 
exploded, immediately afterward without danger from 
this source. This is because most of the residual 
radiation is swept up into the atomic cloud by the in- 
rush of wind that follows the explosion and i s  after- 
ward dsperscd into the g e n d  atmosphere. Most 
of this radioactive material eventually will fall to 
the earth but will k so dispersed and diluted that it 
will rarely, if m r ,  be hazardous. Heavier partides 
will fall first, so the greatest out-fall will be mum- 
had  immeditdy downwind from the explosion 
point Here, again, no hazard occurred after the 
Japanese explosions. 

A burst dose to the surface, or under water, would 
increase the amount of contaminated material. When 
a base surge occurred. heavy contamination might be 
expected. The amount of such residual radioactivity, 
and how long it would continue to a degree dangerous 
to p p l e ,  would depend upon many and variable 
factors which are discussed in other reports of this 
series. Residual radioactivity can be detected and 
measured by trained teams using Geiger unuiters 
and similar devices, and their measurements would 
determine when and for how long it would be safe to 
enter a contaminated area. 

Residual radiation could EMM from three merent 
wurces-(a) Fission products produced by the spilt- 
ting of atoms in the bomb explosion and deposited on 
the surface; (b) Unfissioned d u m  or plutonium 
so deposited ; and (e) Materials made radioactive by 
the radiation emitted during the explosion and either 
already on the surface or afterwwl deposited there. 
The radiition danger during the explosion comes 
from neutrons and gamma rays. Residual radiation 
does not include neutrons but comes from gamma 
rays and from two other types of nuclear particles, 
alpha and beta. The tatter two are chiefly dangerous 
when emitted by material lodged inside the body. 

Alpha particles. which are positively charged he- 
lium nuclei containing two protons and two neutrons, 
have tremendous ionizing power-the factor which 
causes injuries to peopk’s bodics-lO,ooO times that 
of gamma rays. But alpha particles will be stoppal 
by an inch or two of air, by a sheet of paper, or by 
the surface layer of the skin. Alpha particks am 
emitted by unfissioned uranium or plutonium but, 
of these two, uranium is only moderately radioactive 
and so is not a serious hazard. Plutonium, however, 
is several thousand times more radioactive than uta- 
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nium and would be dangerous if lodged inside 
body. 

Beta particles, which are negatively charged el 
trons. have 100 times the ionizing powers o 
rays but can trawl only a few yards throug 
Ordinarily, they also can be stopped by a 
paper or by clothing, and will penetrate on 
a fifth of an inch into the skin. which they 
much like a burn. Beta partides are erni 
with gamma rays, by fission products and 
materials ma& radioactive by the 
gamma radiation would be the chief 
thread, but would be even more dangerous if the 
stances were taken into the body. 

the mouth, through breathing, or through a wo 
.They are particularly destructive when reta&J 
the body for some time. Alpha and baa putielsi 
which can be stopped by the skin, meet no 

that emit these particles can cause serious 
In evaluating the radiation hazard from these 
three main kctors must be considered: 

1. The chemical characteristics of a 
e i t  are important, because they de 
what organ the material is likely to be 
Materials that behave chemically like 
dcposited in bone. Plutonium and str 
such elements. 

solubility in body Buids is im 
form are we dealing with? How 
from the gastric intestinal tract? F 
of the fission products are 
not be absorbed in signifi 
of strontium, barium, and iodine are the most srh& 
Plutonium exists usually in the form of an ayj& 
and only about five-hundredths of 1 percent of & 
amount ingested is fixed in the body. Swallowed 
materials must gain access to the circulating blood 
before they can be deposited in an organ. Thus, 
even in the stomach and intestines, they are, for dl 
practical purposes, still outside the body as far as 
radioactive poisoning is concerned. 

carried to all parts of 
deposited in the liver, spleen, and bone. The 
significant points of de 
is concerned, are clos 
in the bone marrow. 
mendous ionizing power of its alpha 
a constant source of injury to the adjacent 

Radioactive materials can enter the body thnn#, 

3 
barrier inside the body. If lodged there, ma 3 

2. If a material is taken in 

Once plutonium enters 

Here, because 



v 
If it remains in the body long enough, the injury will size (ow inch eq& 25,000 micnnu). It will 
nsult in the formation of malignurt tumors and . filter out 95 pvant of Jl particles over 5 micron8 in 

size. The size at which particles most rmdiIy pass 
3. The length of time materials remain in the from the mall air pockets of the lung into the blood 

body depends upon their "biological 'half-life"-the stream is about one-half micron. Particles 1 to 5 
tilllc muired by the body to lose one-half the radio- microns in size my,  however, reach the lymphatic 

elimination. This varies from hours to yepr~ with At a bomb burst, contaminated particles of this 

biological half-life is 50 years. of an inch in diameter-d rapidly into the 
atmosphere. If they &le, as- on a rainy day, they 
u s d y  atti& thanselves immediately to kgcr  par- 
tides. The chances of inhaling a dangcroua amount 

d v i t y  by decay and the My8 repulot w m  Of 

the different d ~ ~ t S .  In the of PlUtOdm, the S i z e t h e  1-t d y  one f i v e - h d d - h u m d t h s  

System. 

The PIutm'um Hatord 

~b amount of plutonium scattd, after a high 
dr burst of an atomic bomb on a dear &y, may be 
coosidered inc,-,nsequmtial, Eva after am& lower 

Of 
mask 

pprtides is small. A combt-m 
almost 100 7 t  of dl such 

bunt, contamination is ncgligibl-e would have to 
r,,.&w the surface contamina~on mntained in an 

of several square yards to pa a dangerous 
mount. The situation probably is not greatly 

Contaminated Wounds 
If one is wounded while in a contaminated 

&fierent when atomic urploded in the hazards Of the situation will d v d  almost a- 
tirely upon the amount and kind of e ~ n t a m i ~ t i ~ n  
present, and the extent to which the contaminated 
material is soluble in body fluids. It is di5icult to 
conceive of a situation in which a sdicient amount 
of contamination would be present to endanger life by 
this means of -e, altl,,,u& introd& 
into blood is && in the body in a wy &,e 
time. 

Such a wound should be cared for in the same 
mannef as any -h injury in a u n m b n n t e d  
area. cleansing ,,+a soap and - is pprti&lY 
important, and pwsibly damaged tissut 

not indicated. 

Drinking Wuter Contamiuahr 

&kh Con- has been a@ m g  the 
mminat ion  of d r i h g  water. In a high air burst 
an a clear day, the fall-out of dioactive materials is 

that dilution by the water insures safety. 
n e  haency of the filtration plants, and the distance 
of w c e s  of supply from cities further Saay 
factors. Fission produd and fissionabk m a t e d  
have a tendency to adhere to any organic material 

the k m k s  and the bottom of Lkes. to the p i p ,  and 
other material to such a degree that it is probable 
that very little would ever reach tbe populace. Water 
containing one-millionth of a curie of fission products The chid uad +adiation fiazard in a contami- 
per liter is considered safetor drinking. (This means nated will from gammp rays thrown off 
that about one atom in 250,000 billion billion is dis- by fission pduas or by materials made 

waters contain more than this. Hazards in the case pha and beta radiations will be dangerous, chiefly if 
Of a evaluated' they come into actual contact with the skin, but it will Testing for .radioactivity is advisable. At Bikini, be necessary to guard contaminated dust, 

w l l e d  (this is, kt0 Steun and mdensed, and and ti&t-wrided gloves will afford pro- - m d Y  boiled) and found safe for drinking t d o n  affainst alpha and beb particle c o n w t i o n .  
However, material heavily contsmitlated with beta- 
emitting material should not be haadled, evea with 
gloved hands, s ine it can cause ~ v m  bums. Tongs 
or equivalent instnunents should be used. Clothii 
should be discarded at the edge of the contaminated 
area to avoid spreading radimctive contamination. 

I S  

with Which they come in Contact. They Will &Og to The wound then be c l o d  Amputation is 

Ezternd Radiation 

jntWating ever second') Many popukr mineral by neutrons or gamma rays during *e ~plosion. AI- 

Or base surge remain to 

y1 water from a muted sourn Filter M s ,  d&g tight at & w&&, 

Znholing Radioacthu PartickJ 

to the bazard of inhaling i)articles of matter, 
size of the particle is important. The nose filtas 

all particles larger than 10 &ons in Out 



Thorough soap and water bathing would be a valuable 
precaution. B d a  that have been exposed to radi- 
ation can be mfdy b d l c d .  

Gamma radiation cannot be turned aside by such 
simple measures as protective clothing, but dense 
material, such as COIIcrrte, can reduce its ionizing 
&ect. Three inches of concrete will cut the amounts 
of gamma radiation by half, and the customary 
9-inch concrete wall used in construction would re- 
duce gamma rays to oneeighth their original potency. 
However, the gaunna radiation from a bomb is 
measured in thousands of roentgtns and, even at 
distances of 700 yards from ground zero, 20 inches 
of concrete would be necessary to cut down gamma 
rays enough to prevent serious radiation injury. 
Gamma radiation from contamination will not a p  
poach the power of direct bomb radiation. The 
best protection agahst matamination that gives off 
gamma radiation is to use Instruments to detect its 
presence and to avoid any dangerous concentration. 

What is a dangerous concentration of ionizing 
radiation? There is a general agreement that, 
wherever possible, it is desirable to avoid all ex- 
posure to ionizing radiation. This, of course, is 
impossible. Radiation w s t s  everywhere in the 
world; it comes from radioactive material distributed 
throughout the earth‘s crust but its chief source is 
the bombardment of the earth by cosmic rays from 
the sky. Human life has always been cxposed to 
this radiation. 

In the atomic energy program, a standard has been 
sa, called the maximum permissible dose, which stip 
uktes an exposure which experts believe a man could 
experience every day in his life without danger of 

Since the advent of nuclear explosives in the atom 
bomb, with its attendant ionizing radiations in .m- 
sive amounts, unfortunate psychological reactions 
have developed in the minds of both the military 
and civilians. This reaction is one of intense fear 
and is directed against forces that cannot be seen, 
Selt, or otherwise sensed. The fear reaction of the 
uninitiated civil i i  is ever evident. It is of such 
magnitude that it could well interfere with an im- 
portant military mission in time of war. 

Whenever living cells are affected by ionizing ra- 
diation, it is detrimental. It must be realized that 
nature has been constantly bombarding the ppula- 
tions of the world with ionizing radiation since 
the formation of the universe, by constant exposure 

of three-tenths 01 a roentgen. But this Stan 
plies to daily exposures, a very M e r e n  
a one-time exposure in emergency. 
course of a medical study of a disease of th 
or intestines, a patient may be exposed 
roentgens in undergoing a series of X-ray 
tions. X-rays of the teeth may subject 
to about 2 roentgens. It is dear that a 
be subjected to a one-time urposure of 
the daily “maximum permissible dose” wi 
fering injury. 
In emergency operations, a person pro 

be exposed to 50 roentgens of total 
without incurring injury and be able 
his duties. A person exposed to 
might have some nausea and changes ’ 
of blood cells, but most likely would 
time at his normal duties. Those ex 
roentgens probably would k o m e  in 
the injuries suffered began to take 
a matter of some hours. 
earlier, 200 matgens might ultimately ca 

While acute exposures of 200 roentgens 
will result from atomic bomb explosions, 
of this degree rarely will result from resid 
ination deposited by a bomb. The rate of 
of considerable importance. A person who re& 
6M) roentgens in a single exposure within 
a few minutes will have small chance of s 
if a man received only 30 roentgens 
would take a total of as much as 1,800 
prove fatal. 

In rare cases, as 

1 Section V. PSYCHOLOGICAL FACTORS IN ATOMIC WARFARE 

to cosmic radiations and to radiations emanating fro 
natural radioaaive elements, such as radon 
thoron. 

ing by itself, but in connection with the total s 
that is, weighed in relation to the objectives 
both in regard to their importance under the 
stances and their probability of attainment. 
it can thus be integrated with the whole phi 
of national defense, the atom bomb can prove 
ity rather than an asset. 

Since it is impossible to stipulate all cond 
experimentation and observation in most 
articles written about radiation for lav consu 

This kind of injury must be considered, not stan 
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50 perceat of h- mbjcfts when deliwed u 
acute dose of t0t.l body radiation. Some nrbj 

diption arpo~e rtll cause immcdiite and mysteri- 
ous injury or d a t h  This reasoning is fallacious, but 
it also is attractive and hss become contagious. 

The problem of dation injury is not one plhieh 
In fact, over-simplification 

of this danger may be the cause of a situation such 
ils we are combating at this time. It 8nms desirable 
to uplore radiatim hazards more fully in relation 
to other hazards which are considered more common 

on dose is 02 or 0.1 r pr 
It should no longer be 

” for no amount of radii- 
tion should be tolerated without good reason. One 
is willing, however, to name a dose so small that a 
person might be arposed to it every day of his life 
and d e r  no observable injury nor shortening of his 
life span. 

When one is dealing with radiation technicians or 
with industrial workers who arc exposed to this 
hazard daily in their life’s work, one can easily see 
how the maintenance of utpm at or below this 
level is a very desirabk thing. Day by day contact 
with radiation or radioactive materials demands that 
a low limit of aposure be adhered to, if one is to 
avoid late complications of such chronic trauma 
Similar aeupatiooJ hazards exist in all branches of 
production-noxious gases and dust to the d miner, 
the steel worker, and the chemical worker. It has 
been known for years that if a miner is subjected to 
small amounts of dust contaidng silica that he eventu- 
ally will develop silicosis, frequently complicated 
by tuberculosis, and a fatal termination. For this 
reason, methods of counting and analyzing dust have 
been perfected, and forced ventilation systems have 
been established to minimize the danger. This does 
not mean that if M individual makes a one day visit 
to a mine and inbales 100 times the daily minimal 
allowance for miners that he will develop silicosis. 
This tolerance limit has nothing in its definition 
which refers to acute exposure. Neither is the 0.1 r 
per day tolerance limit related to acute exposure in 
radiation. 

The total bcdy dose of radiation received as an 
acute exposure is known from therapeutic experi- 
ence to vary with the patient. This and the lethal 
dose for man have not received the same attention 
from r u l e - d i g  bodies that the “permissible doe” 
has had. We may take 450 r as the median lethal 

Going further down the scale, one may consider a 
of 200 r, which may caux radiation sickness in 

be easily simplified. 

per w& 

m probably could 
al body radiation 
ik to continue at 
o 100 roentgens 
ea in the number 
d be able to con- 
! exposed to #x) 
ncapachted after 
&&-probably 

E 

,emanating from 
as radon and 

not stand- 
e total situation, 
j d v e s  in view, 
>der the circum- 

all conditions of 

may be quite d v e  to radiation and &hen quite 
resistant, so it is dif!icult to calculate the precise ef- 

It is n& unusual to subject a patient to multip 

j, 
fects to be qected. 

X-rays of the skull, spine, long bones, gartio- 
tcstinal tract, kidneys, sinust, etc. in a n 
short spaa of time, thus subjecting him to a 
radiation which may wel 
procedure M not done 
benefit from the informatio 
fear as to the possible injury 
body radiation in doses of 
have ken given to patients for treatment of variolu ‘c; 
conditions. Again, these exposures arc prescrikd 
for a purpose which outweighs the fear of radiation 
injury. 

It is not intended to underestimate or understate 
the radiatjon hazard but, from a military standpoint,3 
the physical danger must be evaluated against the ob- , 
jective to be gained. 

War is ‘fought with the knowledge that men wil l  
qF killed. camp;ligns are planned with expectation 
of losing so many thousand men. If yon call these 
“acceptabk hazards” then it obviously is not wise to 
treat radirtion hazards very much diffaently. If 
acceptana of radiation hazards will lessen the other 
military hazards, then, that is what one should accept. 
However, this can be done only if the attitude of the 
men ex@ is psychologically similar toward the 
two types of hazards. If they are going to be as much 
terrified by the knowledge that a recent atom bomb 
explosion has contaminated the ground they are 
walking over, as they would be by seeing one in ten 
of their buddies fall by machine gun fire, one cannot 
apply the “ideal” solution. What is dominant for 
actual percentage survival is the resultant of all the 
actual hazards but, for battle discipline and military 
effectiveness, the dominant measure is not the hazard 
itself but the soldiers’ estimation of the hazard. 
Men at war suffer many hazards, acute and chronic, 

besides bullets ; malaria, venereal disease, exposure to 
cold and wet, starvation, etc. Some of these, for ex- 
ample, venereal disease, are underevaluated by the 
soldier. Others, for example, filariasis, arc grcssly 
over-evaluated. At present, radiation is perhaps 
over-waluated most of all, partly due to our gnat 
care in Oprations Crossroads. That operation was 
conducted at the peacetime level of safety to per- 

Unless we had openly proclaiined imme- 
diate danger of war, the military level for hazardous 
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training prognms wch BS we had actually adopted 
during the war, using live grenades and live ammuni- 
tion in the machine guns, was not tolerable at Bikini. 
It must h emphasized that acceptable hazards in a 
peacetime operation cannot be adhered to in war time. 

Pryfhological mining for the military level of ac- 
ceptable radiation hazard is possible and should k 
prosecuted, even though operation field training does 
not permit this to be accomplished at the present time. 

We hear much about sterility as a result of cx- 
p u r e  to ionizing radiation. It must be borne in 
mind that sterility results only from a large dose of 
acute radiation, or from smaller doses over a long 
pcricd of t ime-a  matter of yea.rs. Sterility also re- 
sults from other accepted hazards encountered in 
warl, venereal disease is one of the foremost causes of 
sterility. We are aware of hundreds of paraplegics 
resulting from spinal fractures, gun shot wounds of 
the cord, etc., during the last war who are not only 
sterile but impotent. Leukemia may be another late 
result in casualties from repeated radiation, but 
amaebie dysentery and schistonomiasis carry a great 
delayed hazard, and so does the &ea of beri bed, 
which was 50 prevalent among our prisoners of war. 

In August of 1946 a large number of Japanese who 
had recovered from radiation sickness were exam- 
ined and found to be perfectly normal and were 
handicapped in no way toward pursuing their way of 
living. Such is not the case with thousands of our 
soldiers who partiapated in “conventional” warfare 
in World War 11; they are handicap+ by loss of 
limbs and eyes. Neither is it true of many of the 
Japanese who received no radiation injury but re- 
ceived severe bums and traumatic injury as a result 
of the bombing. It has been estimated that from 5 to 
15 percent of the deaths at Hiroshima and Nagasaki 
were due to radiation. Why then concentrate on the 
15 percent and forget the 85 percent ? 

The atomic bomb was developed as a blast weapon 
of war and strategically so used. The radiation &ect 
was never considered to be the prime component of its 
effectiveness. The destruction attendant to the blast, 
heat, and xcondary fires was paramount. In Japan 
there was no significant “poisoning” of the ground 
by fission products or induced activity from neutron 
capture; yet many believe that the bomb is primarily 
a weapon which destroys by mysterious radioactivity. 

this phase of atomic warfare to the de 
defensive preparations. Rather, we 

are to survive the otha dangers. 

hazards is shown in table 111. 
A resum6 of the personnel effects of ndi 

It seems that local defense agencies 
our cities which 

counters?” Geiger counters are not their 
l e d r e f i g h t i n g  quipment is many timm 
portant, as Wenagmized rescue s q d .  
have been told that we will not be able to 
bombed city and rescue the injured ” 
Nagasaki disprove this. The resid 
an air burst bomb is insignificant. 
prompt radiation DcFurs in a 
and does not atmd byond 
Immediately after such a d 
shima or Nagasak;, it is perfectly safe to 
bombed area and rescue the thousands whose 
will be such that they will not be able to Wani 
evacuation of the injured is eflected, 
be burned to death by secondary tires. 
case at Hiroshima and N 
underwater or ground burst? In such cases, 
the residual radiation hazards would be 
many fold, but the bl 
prompt radiation harsrd would be propotti 
creased, and most probably the total num 
ualties would be less, 

If one is to live with the atomic bomb 
have to use it again in 
ing, a practical attito 
toward its efficiency or limitations as a 
also toward the p s i  
“mysterious” radiation. It is necessary t 
that the casualties caused by the blast and 
this weapon will be many times greater 
deaths caused by radiation. And, further 
roneous idea that the rescue work of the inj 

It is of the utmost importance that we 

They only add to the complexity and per 
the severity of the other hazards of iotal w d  



aav thin rrtarLl 
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POTENTIAL STRATEGIC AND TACTICAL USE OF 
ATOMIC WARFARE, OFFENSIVE AND DEFENSIVE 

The use of nodear power in war has been, and will 
continue to be, discussed by nearly everyone in the 
country today. A few sptok from experience; m e  
with authority; many with ti& real undemanding 
of the enormow implication pad problems mvolved 
in this type of warfare. Whether this free discusrion 
i s  good or bad, in a demcmacy like ours and within 
certain limits, it must be tolcratd. 

Much material an this subject has appeared in 
print. Here, again, a wide range of opinions is ex- 
pressed, m e  brxd on very nurealistic premises. 
Some present an a t r a e l y  careful evaluation of the 
situation ; others indcatc little deep thought. While 
most published m t d  has been written by nonmiti- 
tary people, some material on the subject has b?en 
prepared by members of the military establishment. 

All of this emphasizes the important concern and 
vital interest whkh both the public at large and the 
military in particulv attach to the subject of atomic 
warfare. 
In the time allotted for this topic, not much more 

than a general over-all view of some of the most 
fundamental aspem can be provided. Specific rp- 
p l i d o n s  of prinaples presented are responsibilities 
of command. Attention is invited to the fact that 
when principles sucb as are discussed in this chapter 
are applied to a specific military operation with its 
concomitant logistics data, the security classification 
immediately wwld kcome higher. 
To begin with, it must k remembered tbat 

basically the primary function of any military opera- 
tion is to overcome the armed resistance of the enemy 
and to take full command of the situation as a resvlt 
of offensive operations. It also is basic that this oper- 
ation be accomplished with a minimum 10s of mcn 
and equipment. This concept is fundamental, regard- 
kss of the type of weapons used. The means to be 
used, the length of the operation, the tactics to be 
employed. and the maximum loss of men and equip- 
ment that can be a p a e d  by the attacking force all 
are determined by the importance of the objective 
to k attained. Tht military prinaples and pro- 
cedures used to resolve these problems for a particu- 
lar operation are d i ~ l s s e d  in the various armed 
service schools and arc familiar to officers of the 
ann& services, and a4l not be reviewed here. 
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Keep in mind that in delivering an atomic bon 
attack on a city, for example, with its resulting wid 
spread destruction of property and lives, and taki~ 
over of such a ruined city would not be an unmixc 
blessing. The victorious forces would have to a 
sume command, restore much of the tacilities th 
were destroyed, and furnish the immense medic 
M required. This puts an exceedingly heal 
burden on the offensive force. The factor of dimir 
ishing return must be considered in the widesprea 
use of high energy atomic bombs against large citic 
in enemy tcmtory, especially where the control of th 
city is not important to field operations. 

This principle of delivering an atomic bomb attac 
on a city does not rule out, however, the possibilit 
of using the bomb on certain strategic and key cities 
The partial destruction of-a city or installation i 
enmy tetritory engaged in large-srale production c 
war matCriel would certainly be worth an a t m i  
bomb. Large shipping centers ; important concmtra 
tions, auch as the Chief Military Command : the sea 
of a national government ; or other great organisatiol 
centers that are directing the war effort would b 
vital targets, upon which the expenditure of an atomit 
bomb of high destructive power would prove of grca 
d u e .  StaR studies of the relative importance o 
demolishing key war-making establishments of tht 
enemy, as balanced against taking over partiall: 
ruined cities in which communications, highways 
water supply, and electric p w e r  systems have beex 
demolished, must be made. 

The atomic bomb is not the only type of instnunenc 
that cdn be employed in atomic w-arfare. Two 01 

three years ago, when the technical knowledge 01 
nuclear power and techniques of the manufacture 01 
raw materials that go into atonic bomb construc- 
tion were very limited, the military planned in terms 
of atomic bombs only. Since then, vast improve. 
ments in the various processes involved in the manu. 
facture of the ingredients of the bomb have changed 
the picture. Material that was considered critical and 
scarce at that time is now available in fair quantities. 

The availability of matetial for atomic warfare 
changer the military planning considerably. The 
planning can shift from strategic to tactical, and it 
is now apparent that the military establishment can 
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I r- 
n terms of using atomic bombs for tactical we, 

wc From this point of view, 
would become directly 

lvcd in atomic warfare. Such commands must 
e thunsclve m r d i i g l y ,  since epuipmmt that 
bc used for tpcb;cal pu'p0.w becomes a potential 

important p i n t  for Id commanders in con- 
&on with the shift from strategic to tactical UK of 

ic warfare is tbe large i n c n a ~  in the number 

wepon for PI1 units of the Army. 

of war machine for 

atomic bombs will be used only after care- 
of important targets. They wiU not be 

iminatdy. In ~ommon with any device 
in limited supply, it will always be a question of allo- 
ation to targets which will be of greatest effect in 
adrncing our over-all military position. 

The limited supply of atomic bombs likely to be 
both sides is the key to determining the 

, the forces would 
to assemble in a very dispersed fonna- 

held at a minimum. This disper- 
sion would reduce the opportunities of the enemy to 
use the bomb &&vely. Under these conditions, 
such great operations as the Normandy landing prob- 
ably would not be attempted. 

It is to be noted that thus far the discussion has 
entered around the use of atomic or nuclear energy 
in the form of bombs of considerable size and explo- 
sive power. It is but a short step from the ux of 

s to the concept of dispersing 
radioactivity in smaU quantities over wider areas. 
This leads, naturally, to the concept of contaminating 
large regions for strategic or tactical purposes. For 
example, suppose the attacking force docs not con- 

. .  

sider 8 artsin area important enough to oanpy, bq 
at the same time, does not want the enemy 5omr to 
m p y  the area The dispersion of ndiaedre nm- 
terial could be 4 to prevent am ti nu or^ a ~ m y  oc- 
cupation. In large d e  operations, where it is desir- 
able to by-pora aarllu areas which might frll into 
a t m y  h a d ,  tkreue4cl m l d  be pkad in 4 ndio- 
logically contamhated condition ao tht, while they 
would not be used by the attacking farr. they also 
could not be used effectively by tbe cnaq fo- 
Thus, a type of atomic warfare which dim an ddi- 
tionaltactid muyIIvQ, Similprtothturdiachcm- 
i d  warfare to denyan area to the emmy, karma, 
feasible.' Its posriak uw in a future war therrforr 
should be considaed by pcrsomel engaged ia prep- 
aration of plans and in command positian* 

Thus far nothIog has been said about how the 
atomic bombs are to be delivered to intended tagas. 
Delivery by air in specially modified aircraft is mwt 
likely. Increased vulnerability of aircraft to e n m y  
action might make it necessary to d e r  othcr 
methods of delivery. Thought has ken given to the 
use of submarines for the transportation of the bomb- 
load. Actually, delivery of the bomb might be BE 
complished in x v a d  ways. It migM be ked fran 
the submarine, when surfaced near some coastal city, 
or the submarim might deliver it in tbe harbor area 
undpwater. 

Delivery of tbc radioactive contamination type of 

use of aircraft for dispersion, the use of guided mis- 
siles with the warhcad containing rpdiorctive matc 
rial, or the use of special drone pIanes all are porti- 
bilities in conn& with tactical and Stnteg'c pkn- 
ning. Another important consideration in tbc ux of 
atomic warfare is that of the logistics involved in the 
production of such equipment. If the production is 
to be done during wartime, what manpower and 
material must k siphoned off from the war effort, 
evaluation must bc made of this effort as compared 
with the possible result to be attained by the produc- 
tion and delivery of atomic weapons. On the other 
hand, adequate defense against tapping the manpower, 
resources, and materials during a n a t i d  cmergency 
would be to stockpile such material during peoCaime 
when labor and material arc not at a premium. 
h g - r a n g e  stae planning on the stcck piing of 
atomic bombs and other radiologid w a p ~ n s  of war 
has no doubt been done. It is suggested that military 
personnel responsible for staff and unit planning 
make themselvu acquainted with such plans as may 
now be available to them at their nspective ccnn- 

4¶ 

weapon might be done in M V d  different way% The 



nlandr. Those responsible for training should see 
that C o k d  problems, practical experiences, and 
troop training maneuvers include various phases of 
radiological warfare. 

One point should be emphasized. The intensity of 
the radiolOgiea1 contamination, thought to be so 
great when atomic bombs were first revealed to the 
public, is found to have been grossly aaggeratcd. 
Tke radiation is not nearly as great as was at first 
supposed. Much medical -ch on the &ect of 
radiological exposure on living tissue in animals has 
been published. These results indicate that living 
healthy t isue can tolerate considerably more radia- 
tion than was at first supposed. It can be anticipated 
that the radiological exposure dosage prmitted under 

wartime emergencies will k very much higher than 
ptac time civilian laboratory tolerance dosages. The 
health physics standards for laboratory workus, how- 
ever, have been set at an extremely safe margin using 
a safety factor of several hundred times. And 
furthermore, the laboratory dosage is set far an an- 
ticipated long exposure of many years, while the 
military is set for, at most, a few days, 

Inasmuch as radioactivity is not detectable in any 
way by our senses until too late, remure to instm- 
ments must be made. In addition, military intel- 
ligence will certainly be involved in the strategic and 
tactical problems of anticipating and counteracting 
-y radioactive warfare. 
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CHAPTER 6 

RADIOLOGICAL DEFENSE TECHNIQUES AND 
EQUIPMENT, DECONTAMINATION - 

W o n  L RADIOLOGICAL DOSAGE V S  INTENSKTY 

A careful distinction must be made between the 
-pression “radiological dosage” and the “intcnsiq 

tities are definitely related, they carry distinct dif- 
ferenes in meaning. Dosage i n k  the totrl amount 
of radiation received regardla of the period of time 
involved. Intensity of radiation, 011 the other hand, 
rs an indication of the rate at which the dosage is 

may go to five, twcnry-five, or even 6ky roentgens per 
day. Expressed in milliroentgens tht is S,ooO, 25,000 

of radiation.” Although t h ~ e  two physical q w -  and 50,WI millimmtgens e ~ y  24 h. 
A quick thumb rule f o d  ta detemme ‘ t b e  

length of time me may remain at a pprtieutr spot 
field 

survey mear is 
of radiation is md ~ 

aS : 
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received. The word “dosage” is synonymouswith 
“exposure” used in photography. Expure indudes 
both the intensity of the light as well as the length 
of time the shutter is open. In the same way, dosage 
involves both the intensity of the radiation and the 
length of time one is exposed to that intensity of ra- 
diation. The two quantities arc related mathe- 
matically as follows : 

Dosage = IntardtJ. Xtiw 
D(miUirantg.en = I(millir~tga/bour) X t(bour8) 

Another analogy between radiologid dcsage and in- 
tensity of radiation would be to consider dosage in 
terms of the t d  number of pills which a patient 
would take and intensity of radiation as the number of 
pills taken per hour. 

It must be remembered that the prrnissible dosage 
in time of an emergency is a command decision. It 

t (in hrs) = pumjssible d w  (mr) 
meter reading (m) (hr) 

This formula can be computed mentally and is 
useful when the daily permissible dosage, set by the 
command, is known, and a meter d i n g  is obtained 
at the particular spot in question. For example, if 
the command has set one roentgen per day as the per- 
missible dosage and the meter reading at same spot 

by 200 and obtpin 5. Thus, one may runain at this 
spot for five hours aad atill be witbin the permissible 
dosage established by the command. Although the 
permissible dosage as set by the canmand usually will 
be expressed as a whole number, it is simply neces- 
sary to read the meter and divide wntally into the 
permissible dopage expressed in milliroentgens. 

reads 200 milliromtgens pa hour, simply dividt 1,ooO 

Seetion IL INSTRUMENTS FOR DETECTING RADIATION 

Fission products and unfissioned bomb material 
continue to emit radiation for varying periods of time 
after the explosion which might, under some circum- 
stances, constitute a real health hazard. Obviously, it 
is important to detect the presence of these radiations 
and to mcaure their intensity. Instruments used for 
this purpose are called rudk~r instruments (coined 
from radioactivity detection identification ond com- 
putation). 

At present, most field types of radiation-detecting 
instruments make u x  of two eff& of radiation- 
darkening of photographic film and ionization of 
gases. The photograpEc effect is used in the fitn 
badge (fig. 22) ; the ionization effect is used in the 
familiar Gieger-Mueller types of survey meters (fig. 

19). the ionizationdnmber type of survey meter 
(fig. 20). and the pocket dosimeter (fig. 21). 

The instruments using the principle of ionization 
will be discussed first. The atoms or molecules of a 
gas under ordinary conditions show no electrical 
charge. A gas is made up of countless numbers of 
atoms or molecules. almost all of which are electrically 
neutral. In the presence of radiatim, however, the 
atoms assume electrical charges. If an urternal Jec- 
trical field is applied, these elcctrified ntomr (ions) 
will drift in a certain direction, tbus d t u t i n g  an 
electric current. Such a current is known as an 
ionization current. 
How d m  radiation CauXatoms to assume an elec- 

tric charge? Normally, the negatively charged orbital 



electrons of an atom just balance the positive charge particle. the electron; and a positively charged pr- 
on the nucleus of the atom. Thus, externalb the ticle, the electrically unbalanced atom. These two 
n o d  atom exhibits no electrical chsrge. If, how- charged particles are called ions, and the process of 
ever. an Orbital were removed from a normal formation is called ionization. Thus, whenever an 
atom, this atom would exhibit to the external world atom is ionized, a pair of ions is famed. The mpss an elcarical unbalane of one positive charge and 
this atom would be positively charged. Note that by of the negative ion. and removed electron, is much 
removing one electron, which is itself negative, two less than the mass of the positive ion, the elearically 
charged particles are created-a negatively charged unbalanced atom. 

If a voltage is applied across a volume of gas in 
which some of the atoms have been ionized, the volt- 
age will cause the much lighter negative ion to move 
faster in one direction than the m e  voltage will 
cause the much heavier positive ion to move in the 
opposite direction. Since the positive ion moves so 
much slower than the negative ion, only the effects 
of the faster negative ion will be considered here in 
describing the action of instruments. 

The removal of an orbital electron from a neutral 
atom may be acEomplished in many ways. However, 
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the action of the radiation emitted by radioactive sub- 
stances in producing ions is of utmost importance be- 
cause it offers a means of detecting its presence. 

To understand more fully the action which ioniza- 
tion plays in the operation of certain types of radiac 
instruments, consider the ideal situation shown in 
figure 23. This ideal circuit consists of the ionizable 
volume of gas, some type of indicator to show the 
amount of ionization, and a source of voltage which 
can be varied from zero to about 1,ooO volts. The 
relationship between the voltage applied across the 
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chamber and the response produced as recorded by 
the indicator is shown graphically in figw 24. In 
this graph the applied voltage is indicated along the 
horizontal axis while the number of ions colleded is 
shown along the Wtical axis. 

Assume now that the volume of gas is being irra- 
diated by a constant source. To begin with the wlt- 
age is set at zero. The radiation emitted by the =die 
active source wiU produce ions in the chamber, but 
inasmuch as no voltage has been applied to the cham- 
ber, the positive and negative ions move about in no 
specific direction and, as a result, many of the posi- 
tive and negative ions recombine, forming neutral 
atoms again. KO indication is thus obtained on the 
meter. 

When a small voltage is applied. the ions that are 
present will drift in such a way that the negative ions 
are urged to the positive electrode (anode) whik the 
positive ions are urged to' the negative electrode 
(cathode) of the chamber. The voltage next is in- 
creased by a d amount. Some of the negative 
ions will drift toward the anode, thus Causing the 

indicator to show a feeble flow d -t. Incr* 
the voltage inurases the n u m k  d ions formed md 
the speed with which they drift toward their nspcc- 
tive clcctroda, and this, in turn, D p e w s  the Mount 
of ionization current which is morded by the meter. 
Gradually inkeasing the voltage causes more ioDs to 
migrate to the electrodes, contdxting to a kger in- 
crease in the icnizatim current (region A. 6g- 24). 
This &ect continues until a poim is reached at which 
no further increase in current IS mted when the volt- 
age is increased. This means thu all the ions prc- 
duced are collected at the elemodes as fast as the 
radiation produces them. The mltage at which this 
takes place is known as the satunnon voltage. Ioniza- 
tion chamber type radii instnmrats are p t e d  at 
a voltage which will insure satmath 
life of the battery. This effect 
chamber region (region B, fig. 
ioni+ation chamber region only tk 
i d l y  by the radiation con- 
current as recorded by the mt& 
the essential features of the i o t 6 a t h  type 



instruments. Further small increases in the applied 
voltage cause a0 increase in the ionization w e n t  
produced. This is represented by the fiat portion of 
the curve. Since the ionization current is extremely 
small, a very sensitive electronic amplifier must be 
used to magnify the cRect which is recorded on the 
indicating meter (calibrated to read in milliroentgens 
per hour). 

Beyond the ionizationchamber region, increasing 
the voltage a little more causes the ionization current 
to increase. It is obvious that some new effect now is 
taking pkce within the chamber. At this higher volt- 
age, the negative ions am attaining quite high speeds 
at which the electrons have sufficient energy to knock 
out electrons from surrounding neutral atoms. It is 
these secondary electrons which now are contributing 
to the previous effects.. As the voltage is increased 
still more;the numkr of secondary electrons in- 
creases. These, in turn, acquire enough speed to 
ionize more neutral atoms. AI1 contribute to the 
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ionization current recorded by the meter (nP;on C, 
fzg. 24). 

The production of secondary electrons caused by 
collisions of the primary electrons is known as gas 
amplification. The amount of gas amplification de- 
pends upon the applied voltage and increases rapidly 
with voltage. At low gas amplification there is a 
region called the proportional region (region C, fig. 
24). At present, this is not important for field sur- 
vey detection. 

A voltage is finally reached where the energy of a 
single electron is so high that it wiU “trigger o f f  
the whole series of secondary electrons. When the 
applied voltage is bo high that a single electron pro- 
duces ”any avalmches of secondary electrons and 
thus, in effect, “fires” t& chamber, the gas is operat- 
ing in the Geiger-MueUer region (region 0, fig. 24). 
Any radiation which will mitiate a single ion within 
the volume of the gas is sufficient to “trigger off” the 
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Figwt 22. Film badge a d  film badge holder. 

reaction. Immense numbers of electrons move to 
the anode and a large ionization current flows. 

While the gas is in this condition, it is unable to 
respond to any other radiation. Since radiation oc- 
curs ts a scries of random shots r a k  than as a con- 
tinuous Row, it is necessary af ta  each "fiTiog'l that 
the G-M tube be returned to its original receptive 
state as won as possible and be ready to respond to 
the ncxt ineoming "shot" of iadiation. Practical 
Geiger-Mueller tubes and their assodated electronic 
arcuits are so constructed that the inoperative time is 
minimized. From this it is obvious that the Geiw- 
Mueller of instrument, while exceedingly sensi- 
tive to very low intensities of radiation, beeomes in- 
operative for higher intensities. As its upper limit 

of response it will go into continuous discharge, a 
condition which gives meaningless readings on the 
meter and which is detrimental to the tube. Geiger- 
Mueller tubes often are referred to as counters, inas- 
much as they are alternately operative and inopera- 
tive, giving rise to pulser. The individual impulses 
may be recorded by an auxiliary d& such as a head 
set, or they may be intergrated and rtcorded on a 
meter. Figure 26 indicates the essential features of 
a G M  type of survey instrument. 
From the above d i d o n  it can be scen that the 

Geiger-Mueller type and the ionization chamber type 
of instruments have certain speci6.c limitations. The 
ionization chamber type instrument is not suitable for 
very low intensities but is exceedingly good for high 

ti6 
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Figure 23. Imixotws efect ww agpikd rvltagr--idrdirrd &m't. 

intensities. On the other hand, the Geiger-Mueller 
type of instrument is limited to intensities of radiation 
below about 50 milliromtgena per hour, but it is ex- 
ceedingly responsive to very low intensities. No 
commercially available instruments completely meet 

the military requirements for field-type work, and an 
extensive rexprch and development program is di- 
rected toward improved instruments. 

To protect personnel against radiological hazards, 
it is not enough to know the intensity of the radiation. 

E 

REGIONS 
1 A= RECOMBINATION 
I B= IONIZATION CHAMBER 

PREf[RAED I C i  PROPORTIONAL 
I D: GEI6ER -MULLER 

CONTINUOUS DISCHAM 

0 INCREASUIG VOLTAGE 
VOLTAGE APPLIED ACROSS THE CHAMBER 

Figwe 2'. Ionization effect wm aptlied voltage. 
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iONlZATlON 
CHAMBER 

90-180 VOLTS 

INDICATOR 

USUAL RANGE OF AVAILABLE INSTRUMENTS 
25 TO 50,000 MILLIROENTGEN PER HOUR 

Ftgure 2.5. B.dc *pk ionidam chambrr iu)r &Id nmq du. 

For a complete record, it is i m p o m  to know the 
& ucposure or dosage which an indiridual receives 
&e in a radiation field. Radio1oP;Pr exposure or D = I X t  
&age depends on the radiD1ogicd inIcnsity and 011 

the length of time of &e exposure (6g. 27). Quau- 
titatively expressed, the uposure of rcentgenr is- 

where t is time in hours of arposure and I is in- 

n 

USUAL RANGE OF AVAILABLE INSTRUMENTS 
0 TO 5 0  MILLIROENTGEN PER HOUR 

Figwe 26 Bru* m'nciple C-M ty)e fild uln. b 
1 SI t 
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One disadvantage of the cllrn badge is that exposure 
is not known until after the film is developed. In 
some cases this may be too lare. To obtain the radio- 
logid dosage of an individual at any time, pocket 
dosimeters arc used. There we two general types of 
pocket dosimeters, the n d - r e a d i n g  type and the 
self-reading type. 

The nonself-reading type actually is an electrostatic 
condenser. Such a condcnscr consists of two m- 
ducting surfaces separated by an insulator. A definite 
electric charge is places on the dosimeter by an 
awdliary device known as a minom+ (6g. 21). 
Ionitation produced within the dosimeter by some 
a t e &  ionizing &tic¶ neutralizes this eleztro- 
etatic charge. The loss of charge is measured by a 
minometer calibrated to read total dosage in 
roentgens. 

The self-reading trpe of dosimeter operates like 
a gold-leaf el- with one leaf k e d  and the 
other movable. The mmblc leaf moves across the 
built-in transparent scale calibrated in roentgens of 

dosage. In &e, the dosimeter is given an elear i~r l  
charge by mems of a charging unit (fig. 21). The 
total dosage can k read at any time, without the use 
of an auxiliary instrument, by looking through one 
end of the dosimeter at a tight source. 

To record neutron radiation, a specially constructed 
pocket dosimeter is used. A neutron dosimeter is 
similar in all respects tu the nonself-reading type a- 
cept that the walls of the chamber are lined usually 
with boron. A neutron &et dosimeter and its 
auxiliary charging and reading unit arc shown in 

A comprehensin persomet radiological monitoring 
program would WK both film badges and packet dosi- 
meters. Epch individual wears a I~II badge and one 
or more dosimeters. The film badge gives a perman- 
ent record of the weekly dosage while pocket dosi- 
meters give the daily dosage. The self-reading type 
gives the dosage immediately but is more expensive 
and more fragile than the nonself-reading type. Al- 
though present film bdges and poeket dosimeters arc 

figure 21. 

Figure 29. Calibmlim CUM for k o u  indwmid X-ray /Jn typ# K. 
r 



quite satiptilbaory for monitoring personnel in idus- 
trial and research installations. tbey are not entirely 
SuitabIe fa military needs. Considerable develop- F-. 

mart work is being done to pnaduec rUitrble doaqe 
dcvieu to meet the @tukt need8 of the Armed 

Section IIL TIME-INTENSM‘Y PROCEDURE TO CONTROL EXPO. 
SURE TO EXTERNAL GAMMA AND BETA RADIATION 

The procedure for control of oppodwr to a t e d  
and beta radiation after an atomic burst is 

b a d  primarily upon determining first, the var- 
ious intensities of radiation within a radiosctiw area 
and, then, the time personel m y  remaia in any 
particular part of the area in whicb they must work 
or nmaia 

Any contaminated area must be indicated clearly 
by signs or posters as soon as posa’blc The signs 
must indicate-that radioactivity is present, the in- 
tensity and time measured, and the length of time 
that personnel may remain without utceeding the 
daily tolerance dosc set by the ccunmand Naturally, 
the signs will haw to be changed from time to tiw 
because of the change in intensity resulting from 
radioactive decay. Then, they must be changed in 
uxordanec with the latad intensity readiigs. This 
work must be done under the SU~CM’S~OO of the 
mdiologieal defense ofiicer. 

Grtain areas may be o r d d  “Off IiLnjb’’ and 
dearly indicated and guarded as such. On the other 
hand, it will be required that many arcas be a- 
cupied for military needs or ad defense. A fen 
highly dimctive areas may have to be entered for 
nrcuc or important repair nork For WUnpk, a 
nilroad station ordinarily cannot be neglected after 
anmagc 

A practical method of determining the time which 
personnel may remain in a radimctive arca has been 
explained in the paragraph on radiological dosage 
v1. intensity of radiation. The calculation is suf- 
ficient for short periods of time but if the calculation 

is made for a period of mehalf day or marc, the 
error wiU be much too great. The reason for this 
is that the radioactivity is clanging all the t h e  and 
the intensity in eonoidurbly kac after a few houn or 
a day. It ir to be noted though, that th time ob- 
tained from the tormula given is always a little lesa 
(or much lcrs for lager periods of time) than the 
true figure Further dculatim can be made to ob- 
tain an accurate figure for the pamirriwe time. 
However, not everyone ir expected to do the more 
Complicated prowmls. 

Actual calculations of this nature and interpm 
taticns of chart readings as given in the last chapter 
should be done by competent authority, or by some- 
one under his supervision, at a armtml cutter tram 
which the information can be disseminated arpcdi- 
t i d y .  Too many PmOrrnJ attempting to do thcir 
own dculations d * cBu8c amfusion and 
create error and mironception througout the CQI)- 
maad One control center with adequately t m i d  
personnel is suffident for one blast ma. Training 
in this type of wark is now given io the rtr-spcdt 
radiological defmse schools. It is expected that tht 
radiological defense dfi#n will give aimii erpin- 
ing to other personnel of their respective instaUa- 
timu to assure tbat adequate q d i e d  personnel d 
be available as assistanta for possihlc ancrgaciar 

where there is only an external hazard, contml 
to prevent overcxpcarc will be a ra tha dmple 
matter, but where contamination of radioactive dust 
perticlet is present, there is a more serious problem. 
Study of explosion phenomena in duper 111 is 
suggested here 

Section IV. TECHNIQUES FOR PROTECTION AGAINST 
INGESTION OF INTERNAL HAZARDS 

At any time that radioactive dost is present, the 
dangu of internal hazards is serious. Small durt 
particles containing the d i v e  atoms are easily 
ingested by eating. drinking, or smoking. Thus. 
personnel should not be allowed to cat drink, or 
smoke until after they have brm proved to be free 
of contamination by being monitored outside the a r e .  

Protective dothing and gas masks alwayr should 
be worn while in danger of radioactive dust. The 
clothing does not shield against the d i t i m  itself, 
but it does prevent body contact with the dust prr- 
ticlu which wiU continue to emit radation. Any 
sort of canvas or heavy fabric wrapper worn ova 
the shoes is helpful in minimizing contamination of 
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the hoc Standard Chemical Corps' protective doth- 
ing with tllc gas mask is useful, but improvisations 
m y  be made of any other disposable material. Lmg 
uodenuear &odd be worn beneath the outer gar- 
ment 

For high contaminatim the impenrmble doth- 
ing is used. Air is almost complaely shut out, p r e  
vmting boay contact with dust, The hood coven the 
brad, neck, and top of shoulders The bottom of the 
t r o u s ~  legs and sleeve mds arc drawn snug with 

tccticm against contaminated air, but it is excced- 
hgly u n d o r t a b l e  if worn without a dotb OOYU. 

The cover h very important It is worn wet over 
tbe suit The evaporation of the water keeps the 
wearer cool, allowing him to work for much longer 
ptricda. The suit with wet cover may be worn for 
onehalf day or more. Without the wet cover the 
suit can be worn only for one-balf to one hour. As 
the cover dries, more watex h added to keep it damp 
or moderately wet as required by the wearer. Two 
people can easily work together with a supply of 
water to wet or dampen caeh other, Caution should 
k taken to keep the water free of contamination, 
although slight contamination of the water would 
not present a serious hazard because the suit would 
prevent bcdy contact with the dust Contaminated 
water would at least add to the problem of decon- 
taminating the dothing and should be avoided unl-s 
absolutely ncccssary to the wearer. 

Ittms to be worn in high contamination are- 
(1) Gas mask 
(2) Impermeable suit (including hood). 
(3) Impermeable boots or canvas wrappers to 

coyer shoes 
(4) Impermeable gloves. 

stlapa. Tbc suit offers pDacticauy 1w pcr cent pm- 

Where it has been determined by competent 
authority, or authorized personnel under his super- 
vision, that contamination is not high enough to 
warrant use of the impermeable suit, the permeable 
type of protective clothing may be worn. Gas masks 
must be worn. Here, again, the long underwear will 
give added protection against bcdy contact with con- 
tamination. 

It should be borne in mind that the permeable 
dothing should be worn when permissible. It is 
more comfortable and pennits more freedom of body 
action. The efficiency of the individual ian be need- 
lessly reduced through the over use of the i m p -  
meable suit. In fact, the nnd for the impermeable 
suit would be rare. 
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Items of permeable dothing and quipment are- 

( I )  Gas mask. 

(2) Hood to cows head and netk. 

(4) Canvas bootees or disposable wrappers, 
if available. to cover shoes and ankles. 

(5) Fatigues. 
(6) Cloves. 

(3) Canaleggink. 

Figure 30 shows the impermeable suit. Figure 
31 shows the worn over the impem&ble suit. 

All persons leaving a contaminate4 area should 
report immediately to the most convenient person- 
nel decontaminating station where they will be de- 
contaminated and receive fresh clothing. 

Figure 32 shows the dress for normal field sur- 
vey while figure 33 shows normal dress when air 
contamination is pnxat. 



section V. DECONTAMXN~~T~ON 
The subjat of decontamination is still under seri- 

ous rtudy, id thus far only JIOW progress has been 
made. Dau&mGnation lchully conrtitutea such a 
problem that it ia wisest to avoid eontamination, if 
possible Tbae is no practical way to destroy radio- 
activity. S i  radicactive decay, a nuclear process, 
is entirely d e c t a i  by chunical reaction, decon- 
taminating rdutims such as are used in ncutrahing 

mustard contamination M of littk value in this 
new situation. Radiologid dsontaminatioa har as 
its objective the freeing of an area from persistent 
radioactive agents. This involves the actual rcrmd 
of inductd radimztive isotopes, fission products, and/ 
or unhssioned parts of the fissionabk material of the 
bomb itself. 

Currently accepted practices of decontamination 
indude the following procedures : 

The immdite  reduction to a minimum of that 
contamination of personnel and vital installations 
which has not ban avoided. This may indude- 

Complete bathing, monitoring, dothing,  ad- 
ministering medical treatment where re 
quircd, and evacuation of atTwtai per- 
sonnel. 

Washing and scrubbing urpooed aurface to free 
them of loose contaminating partida 

Temporarily covering short-range m i t t e n  (al- 
pha or beta) with a cceting, sueh M paint, 
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which will provide at kast a partial shield 
peainst the emissions. 

Subsequent thorough decontamination of impor- 
tant matcriel may i n d u d t  

Repeated scrubbings. 
Removal of closely adhering parrides by chem- 

icals such as atric or hydrochloric (muri- 
atic) acids, which render the particles more 
soluble. 

R d  of the surface to which the particles 
cling by the use of paint-reqoving soh- 
tionq scraping. or possibly wet sandblast- 

The value of such Opvations should always be 
weighed against the possibility of tun- 
prary or complete abandoment of the area 
or installation, or of presaibing certain 
maximum periods of working time for per- 
sonnel ablutely required to enter dan- 
p r o w  arcas. 

mg. 

The prevention of the spread of contamination 

Preventing access to particularly “hot areas” 
by proper isolation, which will include 
plainly marking-off dangerous areas. 

Using great care in disposing of grossly con- 
taminated objects and the waste water and 
waste materials used in removing contami- 
nating particles. 

Carrying out a carefully prucribed ventihtion 
doctrine (filtration) in the case of ships 
or airsonditioned shelters. 

Improvising 4 change station, or decontamina- 
tion center for the thorough decontamina- 
tion of permel  and their clothing and 
equipment before returning to a clean or un- 
contaminated area after exposure to pos- 
sible tontamination. Contaminated per- 
sonnel must Rash thanselves (paying por- 
t icub attention to hair, feet, hands, and 
finger nails), possibly many times, until, 
upon being monitored. their bodies are 
found to be at a safe level (at Bikini-Twice 

changed and the tontaminated clothing 
laundered, or if repeated hundering fails 
to decontaminate it, it must be destroyed 

Considerable original thinking and exprimen- 
tation still is needed in order to Pjve pmctical answers 
as to what corrective mtasures can be applied in fut- 
ure situations involving radiological hazards. Cur- 
rent and future development of radiation detection 
equipment will probably result in more practical 
and more effeaiw instruments than those now avail- 
able to assist the monitor in the conduct of a radio- 
logical survey. Surfaces of such smoothness and low 
porosity that they can be easily decontaminated will 
possibly be developed for structures and quipmenr. 
or perhaps surface finishes which can be removed. 
when necessary, carrying the radioactive particles 
with than, may prove one answer to the problem of 
radiological dreontunination. These problems should 
be seriously considered. Research on thew matters is 
being continued both in the laboratories of the Atomic 
Energy Gnnmissim and in such installations as the 
Naval Radiologid Defense Laboratory, San F m -  
c i r o  Naval Shipyard, San Francim, Calif. It is ex- 
pected that these studies will shed fight on the bcn 
methods and materials to be used in decontaminating 
ladioactive surfaces. 

m y  be accomplished by- 

i 

backgmrmd count). clothing must be 

i 

i 

I 





Section VI. PERSONNEL DECONTAMINATING CENTER 

A statim for decontaminating personnel contami- 
nated with radioactive materials can be constructed 
Miat to the prescnt chemical decontaminating (it.- 
tion. Actually, one station might serve both purposes. 
Considerable experimental work has been done on 
designing a standard station, and further infonna- 
tion is orpetted to be forthcoming. However, the 
g e n d  plan of present stations will not be changed. 
The h i c  principles are illustrated in figure 34. 

Any station must consist of at least three funda- 
mental duncnts-an undressing Mom; a decon- 
mminating, or “dean-up” room; and a dressing 
room. In the undrcsaing room, boxes or bins arc 
placed in convenient rows for collecting contami- 
nated dothing. A bin is needed for each item of cloth- 
ing-a bin for gloves, a bin for shces, a bin for 

. leggings, ek. Separating the clothing item by item 
aids in decontaminating them later. Benches must be 
at hand to permit ease of undressing. Since the first 
room may contain considerable contamination, an air 
lo&, therefore is constructed in the passage to the 
decontaminating room. 

A second, or auxiliary, undressing mom between 
the first room and the shower room is helpful. Hen 
the inner and leu contaminated itam such as under- 
wear, or possibly sweaters or jackets worn beneath 
the protective suit in cold weather, may be deposited. 
Then, the clothing may be placed in decreasing order 
of amtamination, thus minimizing the problem of de- 
contaminating it. 

Good showers are mandatory. Radiological de- 
contamination is exceedingly difficult because minute 
dust particles lodge in the pores of the skin and on 
the hairy parts of the body, often making several 
sa-ubbings necessary. Heaters, or a furnace for heat- 
ing water, are greatly needed for such difficult clean- 
ing work. but under no circumstances should a de- 
contaminating procedure be stopped or excluded be- 
cause of lack of hot water. If hot water is not im- 
mediately available when needed, the dccontamina- 
tion should be begun immediately, and then all efforr 
possible made to obtain hot water. 

A first aid room is best situated neat the shower 
room, preferably near the passageway to the drcas- 
ing room. There is no need to place the first aid 
mom before the shower room bceause a shower is 
usually taken first in radiological first aid. The Mcd- 
ical Corps will have its own means of decontaminat- 
ing and caring for serious casualties unable to shower 
thCmselVCS. 

A small spce for monitors is needed at the exit 
of the shower room. Care must be taken to keep 
benches or storage tins far enough away from the 
door to allow ample room for at least two monitors to 
examine two people M y .  AppraJmrtely 5x5 feet 
of space is sufficient. 

The dressing room should be conshrcted of hard, 
ynooth surface material in order that it may k 
cleaned thoroughly. Storage bins for fresh cloth- 
ing should be placed neatly near the wall to safe 
space for dressing. Too little space to dress may 
cause delay and hold up decontaminating prccedurcs. 
Furthermore, neatness in the dressing 100m promotes 
adequate cleaning. 

Cleanliness is paramount in a dccuntaminating 
statim, 

The station illustrated in figure 34 bas been used 
experimentally. It is estimated that this station is 
adequate to handle approximately twenty wws 
every twenty minutes if they are properly trained. 
Naturally untrained personnel will require inst=- 
tion throughout the cleaning procedure and wiU 
consume much more time. This must be taken into 
consideration when planning the station. 

In planning any decontamination station. one 
should consider the following : 

An estimate of the numbu of personnel 
expected to be served per hour. 
A location as convenient as possible to 
the penorinel to be served. 
h location not likely to become contami- 

(1) 

(2) 

( 3  I 

( 4  ) Availability of water 
( 5 )  Route of approach. 
f6) Route of departure. 

Mted. 

Section VII. CONTROL PROCEDURES FOR ISSUANCE OF 
EQUIPMENT AND PROTECTIVE INSTRUMENTATION i l  

f l As previously pointed out, much of the currently various rerearch, engineering, and development di- 
available adiac equipment does not meet military Visions are engaged in an intensive program which 
rquirements. The Armed Forces through their will mult in supplying adiac equipment for mili- 
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my nuda in the very near future. As t h e  piaeS 
of quipmat  emerge from the rigid testing schedules 
and tk lupply becomes adequate, T/O&E's w i i  
k promulgated for individual military commands 
to Idtow. 
In the meantime, each military unit will use sucb 

mmmudpl quipmtnt 80 is currently availabtc 
Where no standardized procedures have ken estab- 
lished local authorities will find it advantageous to 
institute some routine procedure in order to pnr 
kmg the life of the instruments and to control the 
accountability d the cquipncnt To assiat Id 00m- 
lrpadr in setting up thee cmtrol procedures until 
such time as official T/O&E's are issued, the various 
prpdr of rad= equipment control are discussed 
MOW. The faaors presented dw are suitable for 
Civil Defense authorities in coordination with l a a l  
army activitiu in setting up radiac control p r o d -  

The problems involved in setting up an adequate 
rmvol for the issuance of the many radiac instau- 
mat8 and protective devices involved in a very large 
OrganiZatiDn and extensive o p t i o n s  are numcr- 
ow. It is not possible, in this short spaa, to point 

bound to arise and that have to be met. It is, t h e m  
fore, the purpose of this section d y  to outline 
the various steps involved in such a program and 
to add, wherever possible, additional statements of 
cnution. It nil1 bc the duty of the radiological de- 
fense officer tor the activity to initiate. set up, and 
direct the procedure involved. Much of the succcu 
of a radiological defense mission will depend on 
how well this prticular job is accomplished, for 
without instruments, any radiological defense opera- 
tion nil1 be much like a bliid man leading the blind. 
Consequently, much thinking and great effort must 
be brought to bear on the problems of setting up 
proper, adequate, and dective controI procedures. 

Basically, it must be emphasized that the q u i p  
ment and instrumentation required must be avail- 
able and in operating condition. All effort should 
be pointed in the direction of performing this basic 
requiremat. 

Effective control pmedures must involve the 
following steps : 

1. Requisitioning the necessary quipment and 
in the right quantity. 

2. Receiving the equipment when it arrives. 
3 .  Checking the equipment to see that it is 

what is needed, the proper amount, and 
that it is in good shape. 

-. 

oat or even to anticipate nll tk problem3 that are 

4. The proper atorage of tbe quippnent. 
5. The proper lower cfhdoa dibratiolr and 

maintenance of the instruments. 
6. Proper amount of sppn psrts, bp t t&S.  

tubes, etc. 
7. Issuance control to the opnting pcnwn- 

ad. 
Step I-i?equisitioning t h  A 

search should be made of the loml mili- 
tary activity to dde&e Ihe &&I dl- 
rccdves 01 the proeurancnt d equip- 
malt. 

Step 2-R&ving, and SItp 3-Ckk-  
thr equipment when it awiver. This 

in the hands' of the loal ndiolOgical 
defense &ccr and his assistant Ceo- 
crally, army equipment is shipped 
with mstruction manuals. These books 
should be careCuUy filed in order that 
they will be available when needed. 
Tbey should be consulted frequently for 
detailed information on the particular in- 

particular phase of the problan i8 largely 

rtrumenl covered. It is very impomnt 
u p  d v i n g  equipment not Po'evi- 
ously stored to sec that rcphament 
parts, batteries, ctc, u e  avpJable at 
the same time, so that the new instru- 
ments may be kept in proper operat- 

Step I--storoge. As more and more of tht 
instruments issued meet military s p i -  
fimtions, it can be apedeed that the 
storage problem WiU decrease in im- 
portance. Instruments will be built to 
withstand wide ranges of Id condi- 
tions, such as temperature and humidity. 
Commercially available instruments, on 
the other hand, will require more care. 
At the present time, most of them need 
to receive attention regarding moisture 
and temperature protection. Some at- 
tention also must be given to stock con- 
trol, so that as instrument8 and sup- 
plies are used, adequate replacements 
win be ordered in sufficient ttne to be 
available when needed. 

Step 5-Laucr echelon rdibrotiorc md main- 
fmonrr. Most radiological q u i p m a t  
is similar to other electronic equip- 
ment For first echelon maintenance 
the primary emphasis will be on the 
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replacement of the batteries and pos- 
sibly a few minor items, arch aa t u b a  
However, for major repairs, it is an- 
ticipated that properly trained per- 
ronnel will be available. It is important 
to know where these trained personnel 
are loested at any p t h k r  military 
installation so that, in an emergency, in- 
struments may be dispatched to thew 
Pgmjes with a minimum disruption of 
service. Hue, again, tbe tahnical man- 
uals furnished by tbe k y  with the 
equipment provide the best and most 
reliable source of information. 

This feahctt 
raises the problem of having sufficient 
spare parts to maintain the equipment at 
first echelon maintenance stage. An 
important responsibility of the using 
activity is the proper calibration and 
maintenance of all instruments. If large 
numbers of instruments are involved, 
it is best to set up a standard calibrating 
p r d u r e  which can be employed easily 
at a moment's notice. If hlm badge sew- 
Kc is to be included, tbm a standard 

and development of film badges should 

Step ?-The control procedure for fhs wtud 
issvante of fhe equipment to operoting 
personnel. The p v  of establish- 
ing the control procedure is to main- 
tain an aaountability system. This is 
made necessary by the brge number 
of items and the frequency of issuance 
In large installations arch a procedure 
will certainly necessitate the setting up 
of an issuance mom where operating 
personnel will Nrn in their instruments 
daily and have their equipment checked 
In addition to a physical count of the 
instruments as they are turned in, the 
condition of the instruments must be 
checked to determine their condition for 
reissuancc. Under an actual emergency 
condition this might require the main- 

I 
I 

I 
I 

Step 6-Spare parts contwl. 

! 

I operating procedure for the cetibration 

I be initiated. 

l 

I 

tenance personnel to function after ditty 
hours and throughout the night, so that 
all equipment will be in top shape for 
issuance the following morning. If the 
large hlm badge service or other dos- 
age recording devices are to be issued 
and adquately processed, a great num- 
ber of personnel will be involved in the 
large mount of record keeping which 
will be necessary. 

Many agendes of the Department of the Army are 
involved in the instrumentation for radiological war- 
fur To the Signal Corps has been given the 
cognizance for the development and maintenance 
procedure for the Army of all electmnic radiological 
instrumentation. Film bndgc service and the con- 
comitant procedures involved are under the cogni- 
zance of The Surgeon General of the Army. The de- 
velopment of the various types of chemical dosagc 
indicators to meet the military requirement of the 
Army Field Forces is under the cognizance of the 
chemical Corps of the Army. These agencies will 
issue specific directives from time to time covering 
the various instruments, devices, and indicators un- 
der their cognizance. It is important that every n- 
dialogical defense officer keep himself thoroughly ac- 

A helpful point to keep in mind is that all operat- 
ing procedures should be held at the absolute mini- 
mum so that everyone involved may quickly and 
easily learn to follow them; to keep these proced- 
ures as straightforward and as h p l e  aa is consis- 
tent with the problem involved. For first echelon 
calibration and checking of instruments, it might 
be sufficient simply to check several instruments. 
By comparing several instruments, it is easily detu- 
mined which is the defective one. Bear in mind that 
under emergency conditions the tolerant dosage will 
be considerably higher than under peacetime labor- 
tory operating conditions. Hence, it is not necessary 
that instruments be calibrated with laboratory prm- 
sion. They should give a reading that is of the right 
magnitudt and within a reasonable amount. Good 
protection policy would include a certain safety factor. 
Hence, the extra effort and care in trying to main- 
tain radiological survey instruments at laboratorg 
accuracy is cumbersome and unnecessary. 

quainted witb thest directives. 

; 
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CHAPTER 7 

COMMAND ASPECTS IN ATOMIC WABFARE 

Section I. GENERAL 

Thib chapter covers certain command problmu 
arising from the radiation hazard and pttaa~ta than 
from the armmonder’r point of view. 

An -y undoubtedly nip mark certain of our 
vital areas as key hrgcts for atomic attack. These 
areas, although marked for atomic catastrophe, will 
not noxswdy be doomed. It is these arcas which 
present problems of direct eotlccm to radiological 
ad-. 
In an air burst of an atomic weapon, the p r e d d -  

nant dects are blast, radiant heat, instant radiition, 
and secondary fires; the secondary effect is radioac- 
tive contamination which is relatively small. In the 
downwind direction, anas  may be found slightly con- 
taminated by radioactive material falling out as it 
is carried along by the wind. This aeumnce is 
frequently &erred to aa “kll out“. The degree of 
contamination will not be a primary hazard. (Sa ap 
pmdk V.) 
In an underwater burst, the predominant &Car 

are radioactive kll-out contamination and wpter- 

propgobd b);lst and they d M C  an atrcmely 
wiow threat. The w a ~  absorb, dkdds, or mini- 
mizes the dfat of huaat ndhtlm, air blut. n- 
diantheot,uulssmdacyfirck Inordatoobtain 
an urtraacly large d w n e  of highly ndioutive nu- 
t c r i a l o n a t u g e t , t h e e f f e e t o f b k s t d b e r t i r  
ducal. 
The probable rranltr of a subsurface bwt are 

purely speculative, but lome bread conclusions EM 
be drawn by d c g y  with the underwater bunt. 
Predominant dects would be radioacthe contamina- 
tion (from the kll-out of soil-trappd h i o n  prod- 
ucts and from neutron-induced m a i o n s  in the &- 
menta ot the soil) and, to a less extent, air .ad 
ground shock wavc Secondary efEatr would be 
instant radiation, rpdiaat hat, and 6rea s i  
the dissipation of tbe heat generated in a rubavfsn 
burst could k expectd to be slower than in m 
underwater burst, thc doud wouM riK h i g h  and 
would be influenced to a greater utmt by aiad 
conditions. 

S d o n  IL RADIOLOGICAL DEFENSE 
Radiologid defense is dtfined as the protective 

measures taken to minimize personnel and matCrial 
damage from radioactivity, and is interpreted to m- 
dude m e ~ s u ~ e 4  such as- 
u. Training, organization, and distn’bution of pcr- 

mnel.  
b. Development, provision, and maintenance of 

rued and portable structures and equipment. 
e. Development of techniques and procedures in- 

cluding use of detecting equipment, protection or 
removal of exposed personnel, and decontamination 
of persoanel, equipment, stmchires, 01 terrain. 

ARMY PLAN FOR RADIOIDGICAL 
DEFENSE 

The purpose of this plan is to establish a radio- 
logical defense organization within the Departmrnt 
of the Armv (See app. VU.) This plan provides 
for- 

a. The protcaiOn d A m y  personnel, units, and 
establirhmcnts against the &e& of ndiorctivity, and 
the maintenance of the apratid efficiency of the 
army in the prrsenee of radiological haxards. 

b. The support of avil radiological defense con- 
trol and relief measures in accordance with the 
Amy’s established policies for providing assist- 
ance to civil authorities in connection with disaster 
relief operations. 

Conitond responribilitics. The radiological de- 
fense training of the unit and of the individuals in 
the unit, and the proteaion of the unit against radio- 
logical hazards, are basic rapa ts ib i t iu  of com- 
mand. 

ResponnWitier of Dspwtmmt of the A m y  
ngmrirs. a la tbe implemmtatioa of the Army 
radioIogid defense program, responsibility for opera- 
tional control measures, training prccedures, rcscarch 
and development, and logistical support wil l  be 
charged, wherever pocsible, to tbose Department 
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of the Army agencies now performing similar func- 
tions within their established fields of mponsibility. 

b. C d n  fields of responsibility with respect to 
radiological defense orgoniratid and tnining func- 
tions am enumerated in chapter 8. 

C. Fields of responsibility pertaining to research 
and devcbpment activities in the field of radiological 
defense, and to the logistical support of the Army 
radiological defense program, will be determined 
and promulgated by the Assistant Chid of S a ,  
G-4. Logistics, General SW, United States Army. 

pected to m e  up for consideration in most com- 
mands ate- 

Sating up roster indicating radiologically ur- 
p o d  personnel and keeping permanent 
records of radiation plposurc. 

Manner of reporting areas of radiation con- 
tamination for intelligence purposes. 

Procedure of reporting by subordinate units of 
new or unexpsted means of employment 
of atomic weapons by an enemy. 

some of the specific aspects which might be 'ex- 

Countersabotage and countcrsubversive plan. 
Dissemination of information conaming the 

enemy's capability of employing atomic 
weapons, including possible targets. means 
of employment, and time of attack. 

Unit training of unit gas officer and noncom- 
missioned officers within unit schools. 

Requirement of the command for s ~ i a l i z c d  
(such as monitor, decontamination, and 
photodosimetry) training, all training to 
be at specialist schools. 

Training within the command, such as general 
indoctrination, unit training, combined 
training, and urCrriser. 

Unit standard operating procedure to minimize 
radiological hazard. 

The alert and alarm plan and active defense 
plan. 

class Iv items necessary to cope with radio- 
logical problems. 

Seetion In. SPECIAL STAFF DUTIES 

A number of special staff offieerr will be af- 
fected by the new rquimnents of radiolcgical de- 
faac  in actordance with specified policy or the wishes 
of the commander. 

1. The staff chemical officer is a member of the 
special Sal€. His duties as specified in FhI 101-5 are 
given in detail here. 

a. Exercises operational control of all chemical 
wits not assigned or attached to subordi- 
nate commands. 

b. Advises the commander and s t f i  on chem- 
ical matters including the coordination of 
the use of biological agents, incendiaries. 
and smoke by the various arms. 

r .  Determines requirements for, procures, 
stores, distributes. issues, and documents 
chemical supplies. 

d. Makes reconimendations for procurement 
and employment of chemical troops and 
their allotment to subordinate units. 

v.  Prepares and supervises training programs 
of chemical units under his operational con- 
trol, and exercises technical supervision over 
chemical training throughout the command. 
Plans and supervises chemical operations, 
including the following: 

1. 
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(1) Estimation of the requirements of all 
chemical-filled munitions to all units of the 
command. 

(2) Employment of mechanical smoke gar- 
craton and smoke pots for extensive area 
screens. 

(3) Chemical defense, to include gas-proof- 
ing of enclosures and installation of collective 
protective equipment. 

(4) Decontamination. 
(5) Employment of toxic chemicals in 

tactical, operations. 
(6) Radiological defense surve1s and the 

determination of radiological hazards. 
(7) Diological warfare survey and the de- 

termination of biological hazards. 
(8) Operation of maintenance and repair 

facilities and processing plants, including the 
field filling of chemical munitions, that may be 
established within the command. 

Examination and processing oi captured 
chemid supplies. 

(9 )  

3 (IO) Collection, evaluation, and disseniina- 
tion. in coordination with G-2. of information 



2. The medical dfiar would k intmsred pri- 
marily in the W t h  and physical condition of the 
command. He may provide for the development of 
frlm b a d e  and maintain exposure records on mem- 
bers of the command. He advises the commander 
when radiation exposurea constitute a damaging 
physical hazard. In aceordaTlce with directives from 
higher authority. he establishes the exposure limits 
for the camrrand. He is responsible for the tre- 
mendour taslt of settiag up a plan for the mama- 

tioa of this plan afterm attack. He PLO may k 
alkd upon to assist in handling civilian casualties, 
pprtlcubrly in m e  of interior attacks It is im- 
prative that medid personnel operate in the &- 
aster area a soon as p ' b l e ;  in the event of M 
air burst, they will most likely be on the job before 
a rapid survey eatl be mpleted. For the sake of 
the injured, and for the sake of the morale of those 
uninjured. i m m d i t e  and efficient bandling of cas- 
ualties resulting from nudear weapon attack is man- 

3. The engineer offica would mpcrvise the con- 
struction of installations required for radiological 

tim and hratment of 4th a d  for the CXCCU- 

datory. 

defense. The engineer consults che ndiokgid dc- 
fense ofictr concerning the optimum protection to 
h gained through specid trpa of constnretiOn snd 
the location of new sheltcn, perronnel dsontpmi- 
tion stations, and special command post* 

4. The signal oker  would k nspoasw for 
supervising storage and rcpair of instruments at the 
command level. He might also d v t  lad issuC 
in bulk. film badges and photodosimetq equipaenL 
He also m y  be requirul to provide 
dosimehy faciitim 

5. The many other special stltf o&en muld 
bave individual proldons which would be worked 
out by coordination with the radiological defarse 
officer or by d i m  indndm of the d e r .  

After all staff m a n h '  recommendations have 
been submitted and cunsolidated, the operatima of- 
ficer translates than into u1 SOP which fornu the 
basis of radiological defense within that anmrund. 
This plan gradually u n d c g w  thangw 8a it ia n- 
peatedly put to test or aa the commaad rc&vcs new 
instructions, until it is Nmhnny sound md praaial. 

Sectioa IV. SPECIAL PROBLEMS 

Much profitable information and guidance eu1 k 
extracted from experiences in operations involving 
large-area radiation contamination. A command 
problem which was potentially very serious arox at 
the Baker test of Operation Crossroads. The Baker 
test explosion was different from those at Hiroshima 
and Nagasaki ; in Baker test, there was an added haz- 
ard from the radioactive materials trapped in the 
water and rained on the target vessels. Men walked 
through radicactive material scattered over the decks 
of the ships, tracked it around, and got it on their 
clothing and exposed prts of their bodies. Since they 
could not see, feel, or smell it, they did not respect 
it, but they could eat it and they could inhale it. 

At Bikini, operations could be interrupted any time 
plans, group training, or operational techniques be 
came inadequate to assure complete protection to 
personnel. During combat, however, plans and train- 
ing must be such that an organization can continue 
to function. 

After the Bikini opvltia, was discontinued, the 
target vessels were towed to Kwajalein and anchored 
in the lagoon for long-term storage. The need for 
further work on the vessels was apparent, and it alro 

was evident that a complete quatantine of the s h i p  
would not remain practical. The ships amtained 
krgc amounta of high aplasives, including m e  
experimental ammunition and some obtaioed froah 
foreign navies. R d  of this d t i m  was 
n-sary, and the longer operations aut deferred, 
the more dangerous tbf work would becomc 

Frquent briefing$ of the men wen held by the 
officers to impress the need for caution, not only 
against the dangers from radioactivity but also 
against the dangers of handling explosive materials 
and working in poorly ventilated spaces. The pro- 
tective restrictions which were established were more 
than those used at Bikini Every tendency to relax 
precautions had to be countered by a psychologid 
campaign on the part of the officers to insure com- 
pliance. This is typical of what may be expected 
in the futum i f  the nature of the danger is not di- 
rectly observable, the control of the tnmps will present 
a m p k x  problezn. There is a vast Mimzm bc- 
tween impressing a man with the fear of observable 
physicial injury and i m p d n g  him with respat 
for invisible radioactivity. If fear of radioactivity 
is taught, the efficiency of atomic weapons will be in- 
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creased. If proper respect is not indW, the toll 
of lives will bc increased. 

It ~ e m t  &at the command difficulties to be en- 
countered d the lessons to be learned in atomic 
warfare will include a repetition of m e  of the dif- 
fidt experiaccs at Kwajdein. There will be othm 
that are more complex. 
The value of any obj&*ve should bc weighed 

against the mt of achieving it T h e  cos& of achiev- 
ing radiologiral objectives are not readily observable. 
When a mpll has bun subjected to some cumulative 
absorption, which wiU be referred to as military 
tolerance, hir usefulness for radiological defense (or 
attack) is impaired. Further exposure will increase 
the liability of his becoming a casualty. When a 
commander has held his troops h an area of high 
radioactivity until he can o b x M  the physical ef- 
fects upon tban, he har held them too long. 

The commander of the future must understand 
the nonperceptible hazards of atomic warfare and 
know how to evaluate than accurately. He also must 
know how to weigh the normal, calculated risks 
against the d u e  of his military objective. He must 
understand tfr nature of radioactivity and the slow- 
ness with which it acts and makes itself evident. He 
must be willing to accept the advice of a technical 
staff on such matters just as certainly as, under 
other arcumtanm, he w d  sctept the informa- 
tion of troop losses. He cannot shift to technical 
personnel the responsibility for failing to drive on 
to his military objectives, but he must give proper 
weight to their advice. Military command remains 
in his hands and cannot be usurped by the advisor 
or the radiological monitors, but the mmmander can- 
not act eftiiciatly if he ignores the advice of such 
technical personnel, who in such instancer would 
actually give tu more advice They would tell the 
commander the absolute facts, which be could not 
immediately see (and therefore might ignore) but 
which he could not ignore later when the toll was 
reported from the hospitals; facts which he could 
not ignore when his reserve troops would be de- 
moralized and beaten without ever having faced an 
ClIUny. 

During Operations Sandstone (at Eniwetok) 
then was considerable evidence that the lessons of 
Bikini were profitably used and contributed to a 
very effiaent, adequate, and e0mmend;llle radio- 
logical defense operation. From Opration Sand- 
stone have come additional valuable lessons pertaining 
to radiation, lessons that will improve and perf- 
the over-all concept of radiological defense. 
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Prudcnce dictates that we should be prepared for attack 
whenever a potentiat memy is capable of delivering M 

attack The United Statu delivered two atomic bomb5 
with 6 ?cars after the discovtry of fi5sioo Therefore, 
mqmizing that otliar may attempt to match wr pv- 
formam+ a readiness date of 1954 or 195.5 for atomic at- 
tack would no( appear arly. Unless our defenses are 
supcriw to those of Hiroshima md N&. M can 

The introduction of new weapon6 of a nonpcr- 
ccptible insidious character in warfare does not re 
quire a revamping of our organization in order to 
cope with it. It is quite evident, however, that it 
will demand wisdom, tact, and i n p u i t y  on the part 
of the staff officer concerned to properly impress his  
armmander. A proven, easily demonstrated w a -  
pOn can be quickly countered by the optimum d e  
fen% attainable. For the defense again& a weapon 
whose &e& are either shrouded in secrecy or not 
easily observed, however, implicit faith in the Stpti 
&cer's technical capabilities will be necessary. Such 
relationship between commander and staff adviw 
will be the first step required in orderly movement 
toward the best solution. 

Command problems may arise as a direct result 
of several factors. Ladc of prior planning, for in- 
stance, will rquire quick deckions and improvised 
plans, some of which may w i l y  prove to be dis- 
astrous. Lack of qualified and trained personnel will 
cause serious delays. Lack of equipment of rigorous 
and proved design can cause limitations in time of 
need. The absence of a well-uained and well-organ- 
ired radiological ddenx team can impose un- 
necessary time delays. Command problems directly 
attributable to these factors can be reduced. Other 
command probIems arising out of unexpected em- 
ployment of atomic weapons With regard to method. 
place, or timing can be minimized by thorough in- 
telligence and countexintelligence. In the final an- 
alysis, adquate radiological defense depends upon- 

a. A competent technical rtaR. 
b. A complete and practical unit plan. 
c. A trained radiologid defense organization. 
d.  Adequate quipment, supplies, and facilities. 
c. Timely intelligence. 
As a practical example of the kind of thinking 

required by the commanding officer and his staff 
in anticipating and p h i n g  for radiological defense 
and which at the same time incorporates cm- 
sideration of many of the principles dixussed above, 
the speech prepared by Captain Frank I. Winant, 
Jr.. USN. Chief, Radiological Defense Division, 
Armed Forces Special Weapons Project. is pre- 
sented here in its entirety. 





The PDbhrp mired hue are different born the p r o b l m  
of ODarrmiOlnl warfare only in point ob the magnitude 
of dfort ud prrparation 
Thc pmbkmr ot radiological d e f m  are of omnmon con- 

cern - the military vrviar One important 
@me d mu diiogial defense tn* prommu i8 to 
pmvide tbe military eommMder with UaLtMee in mlv- 
ing thc m c o n m i o d  MPCC~S of chac problems. The 
poMerm of rdialcgical defense m y  be rubdivided into 
three catego& wllich I shall all: 

1. pmholcgicplaarlect6. 
2. &dkdMptcts. 
3. Tcdmiatupat.. 

The mckolc&cpl  peas will prow hardest to dal 
& Farrhc mort put they dul aricb mnuonnbk fear. 
Ramtblc far can be 1 olefd thing in oar I i w .  

It a n  QOT UI to an onrushing automobile or to 
gel inaide of a tank or h t t l ah ip  or behind a machine rn 
BUL ibe buudr of lingering d o - d v l t y  are the focd 
cd fur. Such hruprdr 1~ mmaofy-they 
epnnot be rem or wed; they Cannot k felt OI Smellcb 
They cpll k internal or external, (I They can bc 
quickuaing or longdelayed L i d  ndioactivity b 
nc4 mythii; it can range from insbihcance in the case 
of a hi& 8.ir-ht to considerable sisnihonec in the uae 
of @ or wPter-burstr It m l d  have prepondennt 
impomnr in the event of disaster in oar own atomic in- 
atallatirm ar in event of an encmy's resut to some form of 
n d M r r  warfare These verratik qmlitia of lingering 
ndio t ia  make it a powerful paychologkal tod. Whether 
01 a* .c cu) use such propppudp h.hues against m 
enemy, we M li.bt to let tbcm work to OUI own diaad- 
-tyL 

If pndrolonial weapons are to be forged against w, 
letmarmydo i t  Ln'i not pavlircourwlvea The 
Daenl thinking in military cirdn at the presmi time h 
that atauk bomb will be used to product air-bursts. 
So long& PIC fed that an en- will mt find it derir- 
able to exploit the radiologid feature$ of the weapon, 
at a maifice in other dtitructive efleet* we should not 
uploit these faturea for him and add unnecessary corn- 
plexitk to the panic which will pmbrbly follow M 
atomic bombii. We should m t  enhmrr the value of m 
enemy's wedpons by making tlmn prwhologially more 
potent. Radiological hazards should be assumed m- 
existent in an atomic-bmkd ar- mdl they are proved 
to uin Thir would mean that the firemen, poke,  
stretcher-tearers, and medical personnel would have 
immediate and free ncceu to strickm zones. Radiological 
monitorin# murt be conducted promptly to confirm the 
urum&m that an area is de. TIGs plnces upon the 
shouldvr of the radiological defense orpi ra t ion  the 
@lm of k i n g  ready and of ha- permncl promptly 
at the xene of any atomic bombii inevtut of a troe ndio- 
kdd disaster. 

If the air-bursts of Hiroshima .nd Nagasaki and test 
Able have ertabliahcd prim facie evihcc that high air- 
bursts kave littk lingering r o d i d v i t y ,  certainly test 
Baka hu provided room for dwtt in other instances. 
X i  is  rruoluble to auume that an wemy will c m t e  m e  
radioactive areas in the United Stata, evm if only from 
a mrlfunctiming of bomb fuzes. Thuc MII win nn. 

stitute d o r  pmbkna in radiological dcfaa We CUI 
and will work in so& ndicuciive arm% Our awn& 
tests have proved this But we must work intclligmtly. 
The military commander will have mntiol adviaers to 

urirt him. But how lnah phydcal injury will hc a m p  
m'thin his own enmuand? Where and hm will he "draw 
the Itu?" It Is my opinion that the nr t ime military 
armrmnder in a radhctive a m  will d i s h  a limita- 
tion for permncl umsure which I rhnll o l l  the "war- 
time m i l i t w  tolerams" (WMT). 'Ihir Ir an arbitrary 
& which will limsI the timS cb.c lrrmnel may k 
employed in radiolo&al ucu. It CUI be established u 

arbitrary pcrcentase of h e  mcdta d J m u s  do- 8s 
indicated m the iolm wmic4I: 

WMT = K X MSD 
MSD -8 'haihn ucknar d o e "  I t  i( the cum&- 

tive dowe whwl e l l  caw half of the -8 exposed to 
it to beeDN d o l c s i d  pnlimu SI& p ~ n i  will have 
meived some phpical injury. Ihm will k blood 
changes involved, and we can n~ that the mar are radb 
logically ill. YSD hs, not been &lined with finality. It 
will w y  ~ t h  the rate of exposure. I t  rmy run u low p1 

100 roentgens for rer~ rapid exposum md higher chpa 
ZW roentgens for slaw rates of exposun 

The dctenninatim of what constitutu median ricknesr 
is a nutter of d e a l  research ud h not a problem d 
military command. In tenna of mnvcntiod warfare 
MSD might correspond to the probability that bulla 
injury wouM &rate hospirrlintim-obvtowly a medi- 
uI, not a mm& probkm 

The quatian suggests that WMT. the largezt mount ot 
radiation to which a military mmmpnds a n  afford to a- 
pose his men, ir a CatOin percentage of the median sick- 
ness dosage We want WMT to mutitutc a suitable 
limitaiion which the commander OD w a o i b e  throughom 
his o r p i n t h  Ita value will dcpena on the propa 
choiee of the nnml fattor, K 
Lei's examine Uie significance of this mntrol factor. 

We will find that it must be appreciably lesa than unity, 
md appreciably greater than zero ud that the exact 
positianing between its upper rod low limitations will 
be catrowrsial. The upper limitation will be a medical 
control. If we Id K qual unity and allow p r m n c l  to 
work in radiological a m  mtil (hey have accumulated w 
to 200 rmtgens,  &en we shall require the hospitaliutioo 
of 50 prrccnt of our rescue permncl 8t a time when JI 
hospitals in the a m  are already boplrrrly overloaded 
with atomic casualties. On the other hand, we shall find 
that the prompt medical injurin will &crease u the 
value of K it decreased below unity. For example. if K 
were established at 50 percent then we might e x p m  letr 
tlun IO percent of our rescue p e m n e l  to become radio- 
logically i l l  Under wartim eircumrunm the losses 
w u M  not be dmncd serious. Injuries resulting from a 
R of less than 50 percat would p r h b l y  be more on tbe 
prycholopical than the physiological dde. 

There is mother eonrideration in establishing the u r n  
limitatim of IC which 1 dll a l l  a "margin of erm." 
When a wartime military t o k m c e  3s established, it h 
meant to be an actual working tolenmc to wliich the locrl 
m n u n d e r a  can subject their Iroopc with m u r a m  
Therefore if WYT lies right on tbe borduline of phy.jal 
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mjwy, we shall find Uut  thme pIm5 who mwittincb 
cxrrcd thc WYT will be This h nut dc- 
sirable It h dm0U imparjblc to insum that Dome pl' 
d will not exceed any established limit, or pntting it 
another way. you an wum that s to 10 prant ob em- 
ployed zcnmmel will aard d i n g  l i t l t iau and 
that awry few penau rill . tnltiantIy exceed thsn 
It aiu bcof@xat dvatlugeto m if we M I l I n r e  la per- 
raml h a t  the suodard~ which we a b l i s h  are ruRidartly 
pfc IO they arc positively p u a n t d  against radiologid 
injwy. On thin buu I wcnld ny that the value of K 
~ lmttocracd4opacmt  

l n ~ t h c l o r o l h n h U i q l r o f K , n c m e m -  
cuned with tedmid pmb*rm .nd molt nuke prddora 
fo r tbeoprrPt in l leAdaqdourpmaae l .  HmIong 
an we work h a  radiohkd une and keep the rirk ud 
effm commaauRte with Ur work acmmplishd? The 
dmrptim of radiation L ~ e t p ~  &5i& and s W  
never be permitted dar w, But when n get 
d o n  ta a islw of K m tbe order d 10 percent, we be& 
pmrliring nvselvcs ud aKumttn .ng the perscmnd to a 
point where thcy CMmt work &ciatlj in a m  that M 

apm6ably n d i d v e  Obviowly. the law of dimk65hi1u 
retnnu must govem During Operations Crorrroob and 
5Mdrtau the d u e  of K yu 0x1 the order of2  pMnt 
Work in n d i o d v e  KCIW w carefully plMned m prmit 
p r m n e l  to quickly enter 1&x zones and r a ~  hforma- 
tim or equipment of vimtilic d o e .  E m  with this care- 
fnl planning the work w u  d d c r a b l y  lmmperrd by the 
bi.h deono of pvaoMel pmcectba which we mriotpioed. 
Inrmrinmncer p%xaU?d arriving in rldioacth uas 
were scarcely able to w h t  thanselves to A job before 
theJ found it newsaw to withdraw. Snch opentims led 
to hrt Jeep ridn over rough Nrnin where the redins 
of ndiol&d inrtMnoltr beame inaccurate and romc- 
tima defeated the praoibcd precautionary meamua It 
would bt practiol in anrtim without scrim OOMC 
qunnxI to p r d  to amrk in radiological mi well 
kwcmdibeSmdshwe1Mit.b OnDmsjcmthcduirr 
for extreme cautim I d  to more Scrim hazards of other 
m t w K  For cxampk in the Ammunition Removal Opera- 
tion a the Bikinl + a d 5  after Operation Crossroads, the 
CmmK preuntiona for pnmn.4 involving the wearing 
of mcue breathing apppntm to protect against polsiblc 
but actually higniiicant m c a t m t i o n s  of ndimctive 
miterial in tht air Led to the amplification of explosive 
and other t y p s  of physical b d r .  The poor vision 
aflorded by the rem bruthing apparatus was a con- 
tributing mirce of dificnlty. On the battleship Nevada. 
one man mtived  a glrming blow that could have ken 
fatal from a falling ammunitian charge simply beaure he 
d d n ' t  ace clearly. The injuries actually rwived in this 
opauiao .~lm ncglifibk, but the hazards were potcntirlly 
m 

Tbm can bc a vuy mi danger from increasing our 
pmectivc rmuir- too greatly. If we set K at 10 
peram, the time will eomc whm a Id commander will 
be more imprcued with thc incfficiQncy of his command 
than with the need for protection against radiation He 
will bccecom~ aware of thc M that d i a l i o n  within his 
cmnmwid is hamlcu ud at UIC Pme time he is foiling (0 

get o job dme bcalue of m r e m e  precautionary measnres 

$2 wainat n d i i t i m  cia m m kick OW thc b.co 
U I U m e  t h u  radiation huud# 4re oT8rmkd Ha 
i r u c  orders that the job be remmplirhed rrprdlar ob the 
buprdsinvolrrd Tbirbabautthemntthhqttmtan 
hppenkorure the hnrdr ue (bm ID IIlaMr bmk- 
W b k  they nu). .opr. rad they will ipri*bb lake A 
toll if mitable preacdau rn diuegmrdaL Por Uh m- 
LO(L ulc working limic.timr dmld be reuambk to a 
point where the lari mmnMdv d h a  cht be mod 
~ o t  exceed WYT bot Urn the a tabW nlr d WMT 
all1 lllow htn to vmrkrlch ths mted p w d i  * 
with thin in mind it rdl.ppor ttmt tknlrd K d  
profitably be let u P M d  thlt .91* bdow 
thfr woold utwxsdb ratrid the &dmq dths Q- 
miati.m M d  mi& priblr ImnIprr the protech 
mawotkmrclrrr 

The mxf probfetn baomcl thpt 02- 1- 
able d u c  of K LDlllcvbm bawaa tk uppar limitatim 
of perhaps 10 prrmtmd & l o w  l imih t j ,  d 20 per- 
at. The majm Mmaa in detc- tbe prop  
ntablirhmmt of thh d u e  would appear to be p$ycbo. 
logid. No m t t c r b w  hmd n may trJ to o l m l y  4 u -  
ate radiation ~d a ltlnnl md place it in i ts  p r o p  sak 
with other fonns of milimn b.nrd., it bu Q s y z h v w  
srpcctr which *n& do not M QUT f l L m d  mods of ap- 
proach L c t m e i l l - u l i r b y ~ w h r t I r r l l .  
fa t  lack of a b&tu term, Ur "hurucc htor.. 

Suppo~. brupcade. thtm rpprordr 1 notlpof mecl 
with tbc ida of 0- a hundred dtnacn to cnwl  
h h  .D a m  wlwe iby  will be e x p o d  lo d~lr 

trolled mochme-gun 6re u a baiting cmikmm. * You 
give uum PIsurPllQ ttmt t k y  ri l l  be carddly watched 
and that the fire vil( be terminated if any injury to m ~ -  
one i5 noted, You woaM not expa tw mncb di6hlty io 
getting rdlatecrs fa thir h i o n  during wtimc bro- 
Q. "Hop springs dennl in tha h m  brad," Then 
i s  a msibility that me man m y  get hurt, perhapa kjlkd, 
but each man with n faith in his own destiny knowr th.t 
it will be 10mebOQ dx, ad that he w i i  be I& Nor. 
to recognize the psyebfcgial pitfall intmduad by a wo- 
sensory danger, la's change the problem to oae in rhiEh 
the hie of mrg Inan is Jleggcd to that of hi5 onnndc If 
a proup of m a  were standhs in a blprt f- when tk 
heat accidmtally went on, you would upca reasonable 
uniformity of injury to mch man in the gr- regardless 
of whether the bmu were devastating or quickly quenched. 
If a group were amding in the bcam of a giant X-ray 
machime. one would apet no preferential protectioa 
It is hard to find an analogy in mventional warfare, but 
perhaps we could subject the group under mach inem 
fire to a more uniform h d  Let's change the problem 
by turning on a btmr of 0amc throwen whlk the m m 
arc in the mntml oo(r. A s m  them Unt the hcpt will 
be turned off PI om, u M Y  injnry to prnacl h ob 
served Draw y a u  own mndvrion5 w to bow many 
dlmteers you wiu f i  lor a task like thk In chc firrs 
example nch nun bu 99 change# out d 1M) of rvninl 
whereas in the Kmd inspKe "ery mm should meet 
a fate u tud u upt ob an- in the wbnher 
he gctshrned to d e a t h a j w t  act$ his IT& rirue&cach 
man ia rme f h i t  be rill be (mted just aa badly u hL 
companion. Tbir h dvnt what might be M by 
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pmaael workin. in a 1eth.l ndiorairr mne and the 
a ~ i m  may prove mpopular. Gamma rays ue not 
rry*mn of pmmr Wlvchcr they subject everyone Eo 
a will- don or to an i n r i w i h  expoty~c. they hit 
mrym m the Urgd area with almoal idcntiul eRat  
To undartvld the p a ~ l ~ u l  hcton which this c r a t q  
yon mud w i d e r  the idas, trivial o r  otherwirc. that NU 

though thc minds of your wldicn They will think about 
this wn of thing when they uc confronted with h n r b  
wbich they mn neither see nor taste nor feel nor smell 
ka whicb Iky. nerrr(helcu, know arc having physical 
&at opm thnn. Such hind prey mcatly up00 the mind 
The m e ~ r m u l  haves powohrl faith in thcir canma& 'ry 
dhar to work rmtinuourly and dmly in th pramcc of 
Ql&XtdlebutCUt&lburrb. 

If mhqr to get thc mort out of the men, yon mu 
rreOgnixc the signifana of this intangiile ka hieh& 
impnmt enMiOMl factor and prepare them pmhologi- 
a l ly  for the work in which they are to k employed One of 
m r  strcnpat talking d t r  in n r h  a p.ychoIc+al am- 
pign will be the assunwe that you have held the K bcior 
down lo the lowat r awnabk  value; in Mlur words, that 
JW have virtually ~IimiMted the so-called ''furma factor." 

Now Id M emphasize OM more chu we would nd 
upn highly rsrliactive urnu in the average atomic- 
bomb explorion Radiologid defmu m ~ r n a  i t d f  with 
.rrrdlnar for the instances in whuh such midud ndio- 
activity is found. If ndiologicd defenv measures ue to 
be invoked when they are mcded Urn we must prepare 
for them m w  by tnining and equipping pcramnel to 
wmply with their m i s s i i  when required. We nnut a- 
p a . t o m i c h b r i n h d l m w u r  WemratupeQiIl- 
jw, and it is pmpa to u m ~  h t  w will mrmntu 
resided ndimctivity m aom atntmrtDnar Such radio- 
activity zones will ud m e s s u i l y  sontain nta of ndii- 
tiOD which vould a m  lethalily under nomd work- 
ing d t h m  Bd we can c x p a  significant dosages. 
The a m s  bombed may be our most important installa- 

rioncuomic plants, orbwce p h t s  big indudria--the 
U l i  wbich w must restore to operation if we uc ming 
to  an^ 011 (he war. If we approach the problem with (he 
asulumptica UIDt such UI area is radioactive and if we put 
a fencraromd it urd stay out-we are wrrdl We 04 
and nu t ,  work in n d i d v e  unea But we mnt work 
in them under controlled conditions We M'I go to 
Ihe commander and my. "Now. there are M lpnrdr in 
hm at all. You are free to work" What we can aay ia: 
"We would like you to attnnpt work, but it will be danger- 
OUL You must be prcpual to work for limited puicda 
only. There r i l l  be over+qoaum For this rason you 
must lnve replacements at hand. Exporure records of pl- 
mnnel must k maintained, Personnel murt receive quali- 
fying physical ~ r m i ~ t i o n r ,  since a limited umber of 
poplc a n  lhur be upunted as lmdoinble ndiolcizkal 
risks for n*h work* . 

The technical aspar of radblogid defense mrti tute  
a field m which much hu bccn done to assist thc mm- 
muda. Thc dologid d d e n v  oRmr will be im- 
portant wistanta to him Hore than Loo0 have already 
ken trained and we are training about that number yearly 
in joint mums mndwted by the Amy: N a v ,  and Air 
Fom at A m y  C%e&cal tenter. T r m ~ m  Ishad aad 
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8lh of radiological h n r d s .  
In this di.nnrion. my references to &tion hare im- 

plied gamma ndialian, Ihe long-rngr kilkr, which I ea- 
ridv the molt dansaout type Of radi8tiaa There are 
othm For u u m p l s  alpha and bctr dniaru will have 
great lignificwm whcre lingering toxic dlects are to k 
fsved Underwater h a t s  or surface hvru m y  COD- 
tamhle srcaa with a multiplicity of liuion products in 
(he fom of n d i o i w t o p r  After a periaa of tim n t e r  of 
decay will eliminate a h i n  firsion woduat u rignifiifiont 
buprdr and IIW d w a  which arc obpimd from m 
tvpt of damion  instrummta may bcmm negliiiblr Such 
fission products may k superseded by otherr u principal 
hurdr Under arcurnstances where u h  &hi be in- 
mlved, the most rerioua hazards may hudatto kea. 
Such mmplui t in  give rise to rriour pmblana of pcr- 
mnd and material dccontaminatim and point up tbc Md 
for speck1 prrmel urd equipment 

Protective equipment consisting of mub and diapsabk 
dothi  for the workera may be indicated c.rdul 6- 
bring of radioactive a m  and rupcrvisim of wwkua will 
bc ncccsary to pment operations in ''Mal spots" of radio- 
Mivity. It may be measary to have k l d  hhontor ia  
and special t a l m i a u u  for the malycis of n d i w t i v e  
materials and to delemine the freedam fmm toxicity 
of air, water, and food Training of rpchlirad p m o d  
hr commencbd and dmloprmt ia lnda way 0 dl 
ntasmy t y p e  of inunrmentation and cquipwt It  i~ 
boppdlhattheeomntsvvicerunrchpmgnmmvlerd 
to mmc simplification in the w m p h  maw ria^ Rpuire I 
mmta of ndioklgid defense. 

Radioloeid dcfenv it a responsibility of mmmand. 4 
The a t a b l i i t  of a wartime military tdam wi l l  ' 
provide planning wide for the militarj cannndcr. It 
will him to complete r q u i m t s  for timely Ic 1 
plpament of personnel. It will be a guide in protecting i 
pnonnel w i n s t  external radioloaial baa& but will 
ud be an abaolmc limitation placed u p  (he cwunuuler. 
Under anditions where personnel must travel thmufi 
or work in atomic areu with the only altmtive k i n g  
datruttioa from other awes, amy 
would urn 110 purpae. 

Realizing that no rimplc guider will pron unfailing 
and that complete reliance upon swc*llr Inid advisers 
ia E& always expedient, the current pmgnm for radio- 
logical defense training is aimed at scm'ce-wide i m b d r h -  
tion. 

Over and above our training program, there will be 
many operational problemr for which there iJ no simple 
sdmtific or texlbook approach. Our mining prq[rya 
dmincdly needs dillening along these l i n a  There ia 
v v y  little rolirtic experience upon which to brp rtu*Lrd 
o p e r a t i d  p t m d u r u  We have had atomic-bomb h i r N  
under mnditions of war in Japanese citier but the residual 
radioactive eonditinu were lacking. We haw had a u r i a  
of atomic-bomb tests bur t h w  were not udted with 
Ihe dieasla mnditions to be expMed in wartime We 
M say one wry dcfiiiite thing abut radiologial hazards. 
We m y  not have them a s d a t e d  with nq rtomjc-bomb 

i 
t o w  { 



burn. We may not, and we p m h u r  am'L But when 
we do haw them the ndiatim huuda will invariably be 
Duocintcd with canclyunic dtrtruetim resultin# fmm thc 
.to& W i  in % tam of nrt numbers of injured 
permel; h m ;  bmhn -tu mOinr. m lima, and elec- 
tric wires; disrupted acmnuniufhs .ad the probable 
failure of logistic ruppwt: and pdc Our o p e r a t i d  
rkmlopmmt mud be guided by (he ful that our &io- 
logid ddsldus,  to acmaplish thdr primary mitrion. 
mwt work in the preeKIK+ of thuc other cmnplu prob 
Imu. 
The normal employment far ndiok&d defense wm- 

ml will be in areu of rablctM ommmnu . tion our 
cfforb mult be to dacrmiac w b t  rn a n  do, rather than 
what we wot do in then 'keas. We OII and aril1 work 
in them wbm them it awe We will not .3acrl6a +tal 
indnstiy unl war plants dmply b w  they are C(D' 
tambated with a radiation l d x d  10 OT 20 m t g a s  w 
day. Under 6uch Wodiliau, a well-baincd staff p p  will 
k indispwmble in plucrjbing the ~ ~ h g  conditions. 
teehiqua, lengtlu of uposurr, protStin devices, and 
decontamination procedures md in p r o 4 n g  adequate su- 
prviaiar  

We should not d i u w d  tbe posdbilitJ that m y  of our 
penonn+lnho M tninal Eor rr&abca d e w  may be 

atomic buntr There marbe w need and no reason for 
this ooha than the fra tbeae -le have bad a 
training rrmK 

We must not leave ow problem of OpoDtiOnrl develop 
ment muolvd awaitlog a hurried aoltrtim under cadi -  
tim: of actual WUtvL Future atomic testa should be 
very mefirl for developiar om rtradud opentionrl pro- 
cedures and orsanhtims and nslitul persoyel~ahould 
be nnploycd in radi0Iogi.A ddmr d m &we tern to 
i n w e  our service experience. These testa are few and 
far between and are smnctum ' Iimitcdto~pecinliredab- 
jeaivu. S i c  they fall short of rbe dimer concbnditiona 
toward which our plming must be p i n t 4  it scems vital 
that there be operatiolul dmlopmnt within the services. 
We have a great deal to & in properly ernluting the air 
rCCOnMiSm of ndidc&d PTeU. in determining the 

d l e d  into dirattv UQI e y c ~  fa nad of high-lltitude 

vdue of helkopton hr ndioloriul BWW, w- 
ing remote and pmjcehblc telemcpering itutrummb and 
techeiqwa and in oOmpletin0 time atudiea ud work plan- 
ning and a-the-spot orlmtation methods for mch om- 
ditimu We have a great deal m m  planninrto do in the 
nvttu of plwbiu l  of depcrte d timely permamel re- 
placemats in radiologidly handout M+ 

om tcslinp of tutboDL training uld prrrmt Ib.rantia4 of 
Operatiod devJopmm wxk will inwide & conCin0- 

a datrine Without it our tnining in thearetied 
aspects can advance mly to tbe limit of the nuut recBI 
PWC8 ted Uld ita MVCU to tbc h b  dtbc 
last infornntiDn which hu CrmDmd fmmlmaic tu& 
No discwmo * ofthisnatweddkCOlllpldewithout 

mm refer- to civil defense Since most of w h.rr 
families, w-c are iuhuUy intucded in thh problem The 
armed rrvicpt we rapemibk hr &ecting their prifmry 
~ ~ t a r y m i u i o n r i n ~ a n d w i l l ,  mgmual. bc unabk 
to effect civil defense. ReC0Blli.i tbi: mnditien, it b 
proper that thc milituy ihould keep out of ad1 defense 
as much as possible. ThL will eonfront the Uvil DeEcnr 
Orgaairation with the rtspDaribJity of powin0 up to 
its own pmbelm. It w d d  be rhea  folly, howewr, 0 
overlook the fact thnt dvil dcfmsc will have a great in- 
fluence m our capbititin to - war. The next wxr 
may very well be won or lmtm the home fron; R s q -  
niring this, we arc trying to dn what we CUI in ruppon 
of Uvil ddmse witha* mmplWw i t  Our raeud~ 
program are pointed toward dnelopino Spuipmcnt wMcb 
will k u d u l  to thecivil ddccdem u to the military. 
The ficld of rndiologial d d a r ,  from it. fnceptioq ha 
teen a univcrd field with Ipiveraal hgmgc, equi- 
techniquer, and training. It is a military g d  to in- 
our readiness in equipment and trained prranml IO IMT 
to the wrvice rquirancnta that if called upm in em- 
we QLI dispatch ndiobgial deals$ p n o d  to M y  
point neceriary. To this end we have initiated a truly 
joint tnining program with the A m ,  Navy, and Air 
For% hunin(r out of their own Khoolr joint studtnt 
groups who have been trained in joint mricula under 
joint staffs IO that in uner~mn they can be banded b 
gether quickly and work to&cr with mtelligace and 
prrcirim an they did in 0- 



CHAPTER 8 

LOCAL ORGANIZATION AND TRAINING FOR 
RADIOLOGICAL DEFENSE 

Section I. INTRODUCTION 

The advent of radiologid warfare has made news- 
spry the development of new training programs for 
service personnel. A great number of personnel 
must be indmtrinated and trained and many levels of 
training set up for the difIerent degrees of respond- 
bility. The purposes of these programs will vary 
from a mere ind&nation lecture for the psycholog- 
ical reason of mitigating fear, to a highly technical 
course to prepare Radiological Defense Engineers. 
The periods of training vary and range from as 
little as 1 hour to as long as 3 years. 

The military importance for training service per- 
sonnel in radiological defense is evidenced by the fact, 
that among the responsibilities of the Armed Forces 
Special Weapons Project are included the following: 

Furnishing assirtmce to the mmmandants of service 
schools, through appropriate channels, in preparing 
courses and tnining mstrudors, and collabornting in 
the preparation of atomic energy irutructional material 
within the Army and Navy Departments. 

Furnishing material to responsible governmental rsenues 
to assist in the education of the public on the military 

u s u  of atomic wupons. particularly in connection with 
civil defense measure& 

It is a rrrpomsihility of the Armed Foxes Special 
Weapons Project to furnish instructioM1 material 
and assistance in the training programs. Imple- 
mentation of the training requirement is left to the 
individual service school and military command. 

Effective radiologid defense demands that all per- 
sonnel be thoroughly trained in the particular part 
each is to execute if and when an attack comes. The 
amount of instruction should be commensuate with 
individual nsponsibilities. The responsibilities, in 
turn, will be determined by the type of organization 
for radiological defense. The over-all defense or- 
ganization having been established and the responsi- 
bility of each position determined, the training pro- 
gram then M be p h e d .  The object of the training 
progam therefore should be to prepare personnel to 
qualify for the various positions in the defense or- 
ganization. 

Section 11. ORGANIZATION AND TRAINING 

The basic Department of the Army policy on radio- 
logical defense organization and training is set forth 
in Department of the Army Plan for Radiological 
Defense dated 27 March 1950 (app. VII). 

This basic policy recognizes the fact that the enemy 
employment of atomic or radiological weapons may 
present a simultaneous need for many, or all of the 
countermeasures normally applied against other 
types of enemy action and in the interests of effecting 
the maximum utilization of personnel and facilities, 
the Army organization for radiological defense will 
be included, wherever possible, within the frame- 
work of existing organizations dealing with command, 
training, logistical support, and operational control 
measures designed to counter enemy action. 

The functions of the present Army organization 
described in FM 2 1 4  for defense against chemical 
attack will be expanded to include radiological de- 
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fense, thus providing specially trained personnel at 
all levels of the military structure to assist and advise 
commanders in radiological defense planning and 
action. 

At the various echelons, this expansion of the func- 
tions of the chemical deiense organization provides 
for enlarged duties to staff chemical officers (staff 
radiological defense officers) and unit gas personnel. 
At division and higher headquarters, radiological de- 
fense duties are delegated to the staff chemical officer 
who serves as the technical adviser to the commander 
and staR in such matters. At headquarters of all 
communications zone and zone of interior usvice 
elements, radiological defense duties are delegated 
to the staff chemical officers, who function similarly 
to the staff & a n i d  officer at the higher echelons of 
command. At installations these duties are delegated 
to the post chemical officer who serves as technical 
adviser to the post commander. Below division level 

I I 
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Section IIL RADIOLOGICAL DEFENSE TRAINING PLAN 

The inclusion of radhk%a defense instructiorr 
througbart the h a y  training sySam will provide 

milimy technic4 trainiiop, and advanced thearetical 

these levels will vaty in accordance with the rquire- 
mats of dserent opaatid and stat3 positions. De- 
tailed progvns of instruction covering the thm 
lwels of training will be coordinated by the Armed 
Folas Specul Weapas Project 

tbrec gmeral levels of training-bk indoctrination, 

eduation. Theseopeafinstntctmn * withineaehof 

BASIC INDOCTRINATION 

This level of training win include the basic. non- 
technical instruction in ndioI+al defense measurea 
and techniques which mart be imparted to all corn- 
misdoned and enlisted perscmacl of the Army to en- 
able than to perform their assigned duties efliciently 
in the presence of radiological hazards. 

The basic indoctrination of commissioned perron- 
ne1 is being effected through the incorporation of a 
minimum of 2 hours of basic radiological defense in- 
struction in the cumculum of the United States Ma- 
tary Academy, and a d i m u r n  of 6 and 8 hours, re- 
spectively, in the hsic and advanced courses of the 
special scm'ce schools as SpKified in SR 350-1 10-10. 

The indoctrination of higher ranking officers is 
accomplished through the incorporation of a mini- 
mum of 6 hours of radiological defense instruction 
in the curricula of the joint colleges (National War 
College, Industrial College of the Armed Forces), 
the Command and General Staff College, and the 
Armed Forces Staff College. Indoctn'nation of senior 
officers is conducted at Sandia Bane. Quotas for 
this course are controlled by Assistant Chief of Staff, 

Tht indoctrination of enlisted personnel will be 
accomplished through the incorporation of basic radi- 
ological defense i n d o n  in all individual and unit 
training programs, and by means of appropriate 
manuals and tniniag literature which will bc dc- 
vel+ for this purpobe. 

G-3. 

MILITARY TECHNICAL TRAINING 
This level will inclde the training of tk majority 

of the personnel who will be required to st.ff the 
Army radiological defense organization and perform 
the techaid op~t jcma involved, and will be IC- 
complished througb the eshblishmmt of suitable 
courses of instruction to train qualified S~EB radio- 
logical defense offms, unit radiologicsl defmse 
officers, unit radiolcgical dcfolu noncommissioned 
oflkers, radiologid defense monitors, radiological 
instrument repirmen, and catain categories of Army 
Medical Service personnel. 

Staff Chetnicol OBer  .(Staff Radwlogicd D ~ f n u r  

Inasmuch as the duties of the rtaff chemical oflicu 
now have been expanded to include those of radio- 
logiesl defense. the trahing previously required to 
qualify these officers for their jobs also must be a- 
panded. 

The training of new officers for chemical staff duties 
presents no particularly difficult problem and all 
current and future training programs for t h w  offi- 
CCTS include the additional instructional material re- 
quired to fulhll their expanded mission. Howepa. 
the training qualification of present staff cbcmii 
officers, to include radiologid defense, is not 80 
easy, because of varying educational and professional 
background, and the impractieability oi training them 
at one place at one time. Hence, for a period of time 
during which the transition from a limited qualified 
chemical officer to a fully qualified chemical officer 
is completed, a number of temporary tniaiclg-pro- 
grams are currently in operation in addition to n o d  
radiologid training programs. 

Among the courses presently available to' fully 
qualib Chemical OAms for their expanded I , ,  duties . 
are the following: 

Chemical o f i n s  specid orientation cour66. A 
4 weeks' course designed to give chemical Qffiars 

'0- 
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sufficient orientation on bacteriological W&XWZ& . 



logicnl defense, and new developments in chemical 
d r c  M they may meet the new requirements. 
The course of 140 instructional hours consists of 
appmximately 35 hours on BW. 22 hours on CW, 
and 72 hours on RD. This course of instruction will 
be utilized, insofar as practicable, to qualify all Chan- 
ical C o r p s  officers who are above the level of the 
Advanced Course of the chemical Corps School, 
either by virtue of age or by having betn accorded 
conmtivc credit equivalent for the course. 

The 6 weeks’ Joint Radiological Defense othcers’ 
Count conducted at the Chemical Corps School, 
Army Chemical Center, Maryland; at the Air Force 
Technical School, Keesler Air F o m  Base. Biloxi, 
Miss, ; and at the United Statu Naval Damage Con- 
trol Training Center, Treasure Island, San Francisco, 
Calif., will be utilized to qualify Chemical Corps offi- 
ccrs for their expanded functions and to train Chemi- 
cat Corps specialists for technical Job positions or 
~ h l  assignments within the ChUnical Corps which 
require a degm of training more advanced than that 
provided for in the’ Advanced Course of the Chemical 
Corps School, but less advanced than that provided 
for radiologid defense engineers. Other Army 
agmau having job positions which require a degree 
of training more advanced than that provided for at 
the unit radiological defense officer level but less 
advanced than that provided for radiological defense 
engineers may utilize this course to satisfy their in- 
dividual rquirements. 

Unit Gas Oficrrs (Unit Radiological Defense 
Ofiers) 

For lower echelons, a 6 weeks’ course is planned 
for late 1950. Thjs course, designated as Unit Gas 
offims Course, will contain approximately 50 hours 
of instruction in radiological defense. 

For Reserve otficers, it is contemplated that the 
additional training needed to establish minimum qual- 
ifications will consist of especially designed corres- 
pondence courses in conjunction with the annual 2 
weeks’ active training duty periods. The complete 
cyde of training to cover a 3-year period. 

It is mtempalted that unit gas oflicers of regi- 
ments and separate battalions will be trained at divi- 
sion, corps. and A m y  schooIs in a 4 weeks’ course 
which will be integrated with biological and chemi- 
cal material, and that o h r s  tilling similar positions 
in organic battalions and at company (separate and 
organic) level will be trained in division schools and 
unit training centers. 
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Unit Cor Noncommissbwd Ofirrs ( U d  Radb- 
logical Defense Nonconimissionrd O f i ~ a ~ )  

For noncommissioned gas officers a 6 weeks’ 
course, Unit Gas Noncommissioned Orticvs Course, 
is currently offered at the Chemical Corps School, 
Army Chemical Center, Maryland. This course in- 
dudes approximately 48 hours in radiologid de- 
fense. They will receive sufficient training in radio- 
logical defense measures and techniques to enable 
them to assist unit p officers in the pUrarmaace of 
their duties, and to supervise monitoring operatioas 
m their unit areas. 

It is contemplated that unit gas noncommissioned 
offmrs of regiments and separatt battalions will k 
trained in division, corps and A m y  schools m a 4 
weeks’ course which will be integrated with biological 
and chemiral material, and that individuals f i U i  
simitv positions in organic battalions and at can- 
pany (separate and organic) level will be tlaiaed 
in division schools and unit training centers. In 
either instance, mobile trainiig teams may be utiliired 
as an alternate means to accomplish this training. 

RadioIogical Instrummt Mainfenanre Personnel 

The training of enlisted personnel in the field and 
depot maintenance and repair of radiation detection 
instruments will be conducted at the Signal S c h d ,  
Fort Monmouth, N. J., and the Signal Trainiug 
Center, Camp Gordon, Ga. As soon as instruments 1 
hame available, 100 hours of such instruction d l  
be included as part of the Radio Repainnan Course. 
It is estimated that a large numhr of radio repair- 
men will be given this training each year in those 
instruments which will be in general use throughout 
the Army and the Navy. 

Radiologicd Defense Engineers 

The training of Regular Army oficers to qualify 
as radiological defense engineers is presently b e i  
conducted in accordance with current directives. 

Training of Medical Personnel 

The Surgeon General is at present conducting a 
Sday orientation course in the medical aspects of nu- 
clear energy at  the Army Medical Department Re- 
search and Graduate School, Army Medical Center, 
Washington, D.C. In addition, a 3-week orientation 
course on the medical aspects of radiological defense 
will be started in 1951 at the Medical Field Service 
School, Brooke Army Medical Center, Fort Sam 



Houston, Tex. This course will be more advanctd 
than the S-day course and will k opcn to members of 
the United States Army Reserve and Federal agen- 
cies, aa well as to aU Amy bidd Service per- 
sonnel. 

M OHiaia and enlisted mar who an attend- 
technical courses of instruction at the Medical Field 
Service School, Brooke Anny M d d  Center, Fort 
Sam Hourton, Tul, are given vuying amounts of 
oneatadon in radiological defense 

It is anticipated that medical specialists will k 
givm military technical training in the clinical aspects 
of radiation injuries starting in 1950. 
The advanced training of selected medical o&em 

in the medical aspects of radiological defense and in 
the pathological and clinical aspects of radiation in- 
juries is at present being provided in a course of 
post graduate study ranging frm 6 months to 1 year 
at sckcted civilian universities, Wowed by 3 to 4 
months of field training at an installation of the 
Atomic Energy Commission of the Armed Forces 
Spcial Weapons Projeet. while occupying posi- 
timu dealing with radiation, additional periods of 
hiniagNil2 begiven in artrin individual case. The 

Atomic Encrgy CommiUim Medial Fellowship 
Training Program will be utihed in tbia advanced 
trahring of radiological de6mse wdhl o6ccrs. 
Highly selected MSC Otrieur arc being give0 post- 

graduate traininp in radio-chrmiatry, biology, and 
rllicd medical fields pcrtainii to radiation, followed 
by P period of field treiaiSg in .II instrll.tioa of &e 
Atomic Energy Commi*dao or the Annad Forea 
Spd. I  Weapons Project. 

DEPARTMENT OF THE ARMY PLAN FOR 
RADIOLOGICAL DEFENSE 

The Army Plan for Rndiological Defaue WPI .p 

partment of the Army. The fmpkmmtation 0t the 
progams will be d i d  by the Chief, Army Field 

will be isrued on an automatic kpsis by the Gef, 
Army Field Forces. It is anticipated that current 
procuranent schedules now in force call for delivery 
of instruments and tdning literature to Army Ac- 
tivities during the last quarter of 1950. The Army 
Plan for Radiological Wmec is indoded aa appendix 
VII. 

p r o d  29 December 1949 by the chief of staff, De 

Forces. The necessary trPining aids and instrWnen ta 

ai 



CHAPTER 9 

NONMILITARY APPLICATION OF ATOMIC ENERGY 

Section I. THE APPLICATION OF RADIOACTIVE ISOTOPES IN 
RESEARCH AND INDUSTRY 

The use of the phenomenon of radioactivity in re- 
search and industrial testing is not new. As early as 
1912, Hevesy made use of this property of some ele- 
ments to investigate the solid state of lead. Within 
the last few years, however, this technique has been 
greatly expanded. The use of radioactive atoms, 
or is they are more commonly d e d  “tagged atoms,” 
in industry and research is called tracer technique. 
The fundamental idea in using this method is to mix 
some radioatcive atoms among the stable atoms of 
the test substance. Inasmuch as radioactive atoms 
radiate and can thus be detected, they indicate the 

position and amount of the test substance in the 
body of the material. The u5e of this technique de- 
pends upon a generous source of radioactive isotopes, 
which is now available since stable isotopes may be 
irradiated within the atomic reactor pile and made 
radioactive artificially. Table IV lists the most 
frequently us@ isotopes for research purposes. Over 
80 percent of the new industrial usage of reactor- 
generated radioactivity recorded by the Atomic En- 
ergy Commission was in the tracer technique. -4 few 
of the many uses of the tracer technique are given in 
the following section : 

t 
,_ 

Section 11. THE APPLICATION OF RADIOACTIVE ISOTOPES 
TO THE STUDY OF PHYSICAL PHENOMENA 

Calibration of vltra microbalances wifh alpha-ac- 
tive fnat~riol. The mass of a high alpha emitter can 
be more accurately determined by counting instru- 
ments than by weighing on conventional balances. 

Use of frocers in dectroplah’ng h t h s  to  defertninc 
roncentru/ion of un ion. The depletion of minor 
constituents in electroplating baths might be followed 
with a radioisotope. 

Use of Imrers in fbe analysis of o prodifct f ~ o t r t  a 
reuction mixture of knuum cornpodion. Analysis of 
a product for impurities may be made by the addition 
of a radioisotope to the reaction mixture in a definite 
proportion to the weight of the element or elements 
sought. 

Use of fracers to study the cowse and cure of 
foaming and priming. Tracers m be used to study 
the cause and cure of industrial foaming and priming, 
the dlect of different dissolved salts and antifoams. 
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Disfribrrfion nrrasurements of :exfile f inish.  By 
the use of tracers, studies have been made of the dis- 
tribution of lubricant on rayon fiber in order to 
evaluate the role of the lubricant in subsequent dying 
and spinning operations. 

Flom stitdies of corrrponenfs of pror~ss opcrationr. 
Modifiers in process operations, such as plastic man- 
ufacture, might be followed, giving information on 
mechanism and value of such materials. 

Process rutc strrdies. Rate studies on industrial 
processes can be of value in understanding of the 
processes. Tracers have wide application in this 6eld. 

Product confrol. Any reaction involving inorganic 
materials where freedom from impurities is important. 
Examples are-analytical reagent manufacture, pig- 
ment manufacture, ceramic manufacture. 

Use of fmcer$ in distillation. Wide application in 
all phases of the study of the distillation. 



Use of radioisotopes in metwkg Pr;a. Radioiso- 
topes can serve as metering fluid m Un uMpl method 
of dilution measurements and have a d c d d d  ad- 
vantage in case of analysis. 

Use of tracers to drtmirw th e f i e c h s s s  of 
scrubbing gases. Radioactive tracers simplify the 
analytical problems involved. 
Un of tracers in the &y& of quilibriucn data 

and tlu r&iwe efkiency of VlaMU abmbmts. 
Usr of tracers to d e l d e  srpomiMl tees in 

c ~ * J m g o h n ,  jltralion, stc. 
Dltrrarimtkm Of thr h p d i y  of 6 mktW# 

after cmiw times and degrees of ag i tah .  
DrtnmiMfion of flu set fhg  mtr of a nrspennrim. 
Usr of tracers in process cmfrol to detmtlins cm- 

cmharim of an ion in cmtinwmts o p t d o n .  Middle 
procusjng baths-cleaning, h-growbg, Coating; 
eltaroplating baths-minor mstitutents; rayon 
proocssing baths-minor consti tu~ts : textile proas- 
sing baths: pulp and paper manufacture; and ga& 

Mmrnrement of linear vehdty of l ipid pOw with 
tracers. The linear velwky of Eqmd 9ow in a pipe 

reacting system. 

can be measured by timing the sucQ56iye appmrance 
of activity at two points along its length. The method 
is of special value wben UrmmrtMaS rre such that 
sampling ir impossible ; the aaivity c ~ l l  be measured 

Use of tracer to dctnnrinr ihr #fleet of t r a m  in- 
PUitirJ upon #he physkd @ o p d u  of *he& 

Use of mdharbm to study ~Wymniwtion. 

hw-tanprature  erpckitlg. of petroaDm may be p- 
sible. 

through the pipe walls. 

Pff. 

crackby of pehohm oils d h  a m u s  rodiorim 

Friclion and we- t e s t s ~  alginiz 
Mining.. Tncvs used to &udy mpay mini 

praxsres, mcb aa bt~t ion,  pmmobility. wdl log- 
ging, petroleum recovery. ete. 
Qd$y control. Thickness of silicone film on rub- 

hr--cufhesion; height gagc-cupola l e d ;  and thick- 
ness gage-mctallic and plastic shea 

Dctm'naiion of tarnish resishncr of silver plate. 
Deternktion of transfer of w t ~ g  ink from 

printing plate to paper. 

Section III. THE APPLICATION OF RADIOACTIVE ISOTOPES 
TO TEE STUDY OF BIOLOGICAL PHENOMENA 

The body, in its functioning, uses a Wiay of sub- 
stances. Protein-pla molceules manufactured 
in the body from amino acids; carbohydrat-ssen- 
tial fuels for the body; liquids-tk fats and fatliie 
substances, which are a solvct of energy and a com- 
ponent of certain hormones; nudeie acids, all have a 
part in making up the &Is that form th substance 
of the body. 
In addition to these, other imprtant substances in- 

clude the various blood constituents and the electro- 
Iyt-uch minerals as potassium. sodium, and cal- 
cium. 
Full understanding of the behavior of many of 

these substances must await the time when their 
basic nature and activity has been determined by 
research. An exampk of the attack upon these 
problems is the studies on the e s d a l  constituents 
in the blood. The blood, containihg plasma and cells, 
is the circulating distributor of chanieals and oxygen 
thrarghwt the body, and lends itself to biochemical 
study because of the ease of obtainkg samples. 

Anemia is a disease characterized by a deficiency 
in the quality or quantity of the blood. Certain types 
of this disease do not yield to dosagcs of iron. Treat- 

ment with hormones has bcen fd to cornet all 
phases of anemia in the pituitary a c a  except for 
the deficiency in the hemoglobin. Scientists of the 
School of Medicine at Bodtw Univusity attended 
their experiment into the protein W o n ,  and other 
constituents of hemoglobin. They M now prepar- 
ing to use radioactive carbon to trace this phase of 
blood metabolism. 

At the Radiation Laboratory, University of Cali- 
fornia, red blood ells are taken from the M y ,  
labeled with radio phosphorus and then reinjected 
to determine the speed with which the labeled sub- 
stance mixes with the total blood. The rate of dis- 
appearance of sodium and iodine from the blood 
stream was measured by tracers also, thus making 
p s i b k  a satisfactory meaSUrmmt of such factors 
as blood volume, the amount of 9uid outside of cells, 
total body water, and total body sodium. 

Iron and zinc both mter impwtrntlr into the 
metabolism of red and white blocd cclls. Using 
radioactive metals to follow "tmce" ckments, groups 
of physiasts, chemists and physicinnS, aollaborathg 
in studies of anemia and luekanin at the Marsa- 
chusetts Institute of Technology, Brookhaven Na- 
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tional Laboratory, and the Harvard Medical School, 
are h e r i n g  the activity of these 'tran" metals 
which may contain important infomation on these 
diseases. 

At the University of Rochester, radiocarbon was 
ured to label lysine, which is indispensable to life 
and gronth. Further studies suggest many facts 
concerning proteins and mineral salts. The changes 
in bcdy &anistry have been studied at H a d  
Medical sdwol, Peter Bent Brigham Hospital, and 
M m  General Hospital. 

The dlcctt of infectious diseases upon the organs 
M being studied by scientists at Bowman Gray 
school of Medicine, Wake Forest College, where 
radiophmpborus is used to study the formation of 
certain her fats which contain phosphorus, also. 

A study of nucleic acids and nucleoproteins, which 
could be properly designated at the keystones of life, 
indicate that in this field there is hope of increasing 
the Scientific understanding of the cancer problem. 
The activity of derivatives of nucleic acid in the 
system is being studied at the University of Colorado. 

Further experiments have been made into the acid 
processes of diabetes, and improvement in the treat- 
ment of this disease soon may be available through 
the use of doisotcpcs. 
In addiim to serving as a tool for basic research 

into life proxsses, radioisotopes have proved valuable 
in laboratory and clinical studies of diseases. and are 
being used in diagnosis and in treatment. 

At Yak University School of Medicine. radio- 
tagged elements are used in the study of the thyroid 
and the sex glands. Harvard Medical School is 
using radiophosphorus to locate brain tumors during 
surgery, and radioactive iodine to relieve pain in two 
types of heart diseascangina pectoris and congestive 
hart failurr" 

Ohio State University, the University of California 
Radiation laboratory, and the University of Illinois 
are each conducting experiments designed to deter- 
mine the value of radiocobat in cancer research and 
treatment, as a substitute for radium. Cancer re- 

search, sponsored by the Atomic Energy Commis- 
sion, has the dual purpose of learning the basic struc- 
ture and processes of cells, and studying the radiation 
effects in man. 

Organic components of nucleic acid have been pre- 
pared in the laboratory at Memorial Hospital, Sloan- 
Kettering Institute, and labeled with isotopes to be 
used in cancer research. A great number of ucperi- 
ments undertaken at Argonne. Oak Ridge, the Na- 
tional Cancer Institute, and Huntington Manorial 
Hospital, have contributed to the understanding of 
how cancer arises. 

Experimenters are irradiating n o d  chemicals 
of the body to h d  whether they form cancer-produc- 
ing chemicals. The way in which metal beryllium 
causes cancer of the bone is being studied at Hunting- 
ton Memorial Hospital. 

Other experiments are directed toward learning 
more about the effects of some isotopes which can 
bc valuable in treatment of disease, but also danger- 
ous because of the way in which the body stores them. 

Research using radiocarbon has been conducted at 
Argonne, Southern Research Institute, and the Uni- 
versities of Minnesota and California. Scientists are 
now attempting to direct certain isotopes, including 
radioiodine so far uxd almost exclusively in the 
treatment of the thyroid gland and cancers spread 
from this source, to other possible sites of cancer in 
the body. A compound, stilbamidine, has been 
synthesized with radiocarbon at the Radiation Labor- 
atory, University of California. 

The use of radiophosphorus in the' treatment of 
certain blood disorders, including leukemia, at h'ew 
England Deaconess Hospital, Western Reserve, the 
University of Chicago, and many other hospitals, 
indicates that it may be helpful in cases of leukemia 
that have k o m e  resistant to X-ray treatment, and 
also in the treatment of stomach and skin cancers. 

Figure 35 shows the injection of a radioisotope into 
a cockroach preliminary to a study being conducted 
at the Medical Division, Army Chemical Center, 
Maryland. 

Section IV. PARTICLE ACCELERATORS 

Nuclear reactions arc caused by particles shot like 
bullets into the nuclei of atoms. Nature supplied the 
first atomic bullets. the particles emitted by such 
radioactive elements as radium and polonium. To- 
day various powerful atom-smashing machines yield 
high-speed alpha particles, protons, druterons. beta 
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particles, and gamma rays. The atomic pile is now 
the main source of neutrons. Atom smashers work 
on the principle that the charged particledhe 
atomic bullet- be accelerated and guided by 
electric and magnetic fields. 



Van De G T W ~  Accelerator 

A source of higb voltage which has been used to 
oecclerate charged pariicla for nuclear experiments 
is the electrostatic generator developed by Van de 
G d .  This device consists essentially of a continu- 
ous belt made of some insulating material such as silk, 
Enen, or paper, which p s c o  Over two pulleys. One 
pdley is at ground potential and is driven by an elec- 
tric motor; the other pulley is mounted inside a hol- 
low metallic cylinder or sphere of large radius of cur- 
vature. The hollow W y  is insulated from the rest of 
the apparatus. In the operation of this generator, 
zn electric charge obtained from a comparatively 
low voltage source is sprayed on the portion of the 
belt which is moving upward from the lower pulley. 
This charge is carried up by the belt into the hollow 
sphere whue the charge is removed to the sphere 
by mcans of a h e  metallic brush. 

In this generator a continuous stream of charges 
is transferred by the belt from a low voltage source 
to the insulated metallic sphere. The potential of a 
sphere depends directly upon the quantity of elec- 
tricity which resides on its surface. The conditions 
limiting the amount of charge whicb may be put on 
a sphere are the nearness of other objects, such 85 

thc walls and ailing of the laboratory, and the 
breakdown of the air near the sphere due to the in- 

. .  
tense electric fieM around it Ele~$~ostatic genera- 
tors have ban opvrted successfully with the spheres 
raised to potentialr as high as 2.5 million volts above 
ground potential. In some generators the voltage of 
the belt charghg device was BS loa as 10 kilovolts. 
In recent designs, the electrostatic geneator has 

been built completrly inside of a steel container in 
which the air is nuinhind at a high pressure, some- 
times as high as 1% pounds per square inch. At 
high pressures the air can withstand rtronger electric 
fields before breakdown occurs. Also, since the air 
is contained in P steel tube it may be dried and 
cleaned, thus permitting steadier operating condi- 
tions. 

The Linear Accelerator 

The linear accckrator accelerates nuclear particles 
by giving them repeated “kicks” with a bigb-fre 
quency alternating voltage. At any instant, adjacent 
electrodes of thc accelerator are oppositely char& 
A nuclear partick is accelerated into an electrode 
and coasts inside it, emerging just aa the alternating 
voltage reverses. The partide then is repelled by this 
electrode and attracted by the next one. thus receiv- 
ing a “kick” as it crosses the gap between them 
This process continues down the length of the tube. 
Since the partides go faster and faster down the tubr, 
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thc accelerating electrodes are progressively greater 
in length. 

cyciotrac 

Another device for producing high energy par- 
t*k which has come into fairly common use in the 
eprlotron dwelopd by Lawrence and Livingston. 
I t  amsists essentially of a short h o b w  cylinder di- 
vi&d into two sections, Each section usually is re- 
ferred to as a ‘Idee” baawe of its resemblance to 
tbc kttcr D. These dees are placed between the 
pderofaverykrgeelcctrormagnet Thecyclotrons 
now in use have magnets whose pole pieas are from 
30 to 60 inches in diameter; the diameters of the d e s  
are approximately the same as those of the pole 
picas. The dew are placed in another metal cylinder, 
aod the whole sssanbly is placed between the poles 
of the electromagnet LO that the magnetic field is 
perpendicular to the base of the cylinder and paraUel 
&ita axis. 

The Bcfahon 

An entirely new type of X-ray tube was developed 
m 1941 by D. W. Kerst. This tub is called a 
bctatrm~. In the oldu type of X-ray tubes, the elec- 
trona which strike the target acquire their energy 
by the application of a high voltage between the iilma- 
mcnt and the target In the betatron, the electrons 
acquire thar  energy by the action of the force ex- 
erted on them by the electric field which accompanies 
a changing magnetic field. One tube in operation in 
1946 accelerated electrons so that they had energies 
up to 100 Mev when they strudr the target and 
produced X-rays and p-t designs range to about 
1 billion electron volts. There X-rays are uscd in 
nudar  experiments. 
In the operation of the betatron, electrons from 

the heated filament are injected into the circular or 
doughtnut-shaped tube by applying a difference of 
potential between the filament and the plate. The 
electrons are focused with the aid of a grid. When 
an alternating magnetic field is applied paraUel to 

electromotive force tangential to the electron orbit is 
produced by the changing magnetic flux and gives the 
electrom additional energy; a radial fom due to 
the &on of the magnetic &Id, which is perpendicular 
to the electron velocity, kcepI the electron moving 
in a circular path. The magnetic flux through the 
orbit has to be chosen in sucb a way that the els- 
trms will move in a stable orbit of fixed radius. The 

the axis of the tube. two &ects an2 prOduced4n 

The Synchrotron 

The synchrotron accelerates electrons inside a 
large, circular glass tuk, placed in the field of a ring 
magnet. The magnet is powered with alternating 
current. During the initial period of the accclaating 
cycle, the magnet accelerates the electrons to nearly 
the speed of light. just as in a betatron. That, a 
slightly greater nlaity is given thc electrons by an 
accelerating ekctrodc built inside the aKular tube 
and connected to a high-frequency oscillator. Wath 
this slightly greater velocity, the electrow increase 
tremendously in mass and energy. During the en- 
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electrons make m e 4  hundred tbouuad revolu- 
tions in this circulu path while the alternating rmg- 
netic field is increasing in intensity from zero to a 
maximum, that is. during a quarter of a cy& With 
each revolution they gain additional en-. When 
the electrons have q u i r e d  the Mi amount of 
energy, a capacitor is discharged through two coils 
of wire, one directly above md the other d i r d y  
below the stable orbit, prcdudng a sudden addition 

the stability of t13r orhit and the electron beom mover 

jector which acts as the X-ray target. 
In the operation of the 20 Mw betatron, about 15 

to 20 kilovolts arc applied to the injector, pad ctec- 
trons are injected into the tube for d y  a short ttm, 
about 8 microseconds, when the magnetic field just 
starts increasing. The magnetic field alternates 180 
times per second, bat the electrons am d e r a t e d  
during only one quarter of a cycle or 1/720 of a 
second. The tube is kept on the vacuum pumps um- 
tinuously. 

A new at& big-gun, the world’s largest beta- 
tron, has just - into action at the University of 
Illinois, UrbanaXtmmpaign, Illinois, capable of ai- 
ing electron plrticles of eldricity at ND,COO,COO 
electron volts to produce X-rays and other eficcts. 

Manufacturing the meson prtides naturally found 
in cosmic rays is m e  of the jobs it is expected to do. 
As big brother to smaller atomic machines using the 
decade-old invention of Prof. Donald W. Kerst, it is 
more powerful than ksser betatrons that are used in 
inspecting chunks of metals and treating deepseated 
cancers. 

The new betatron is one of the largest atom- 
mashers of any sort actually operating. although 
larger billion electron volt machines arc under con- 
stmction. 

to the magnetic eca This &stmy8 the wllditian for 

out to larger radii until it strikes the bad of the in- 



t i n  period of acceleration, the increasing magnetic 
field of the magnet holds the el~trons in a circular 
path in the tube, and at the proper instant they are 
deflected to strike the target. In some synchrotrons, 
the aecelvating electrode is replaced by a resonant 
cavity, through which the electrons pass. 

The Chain-Reaction Pilr 
Although it is not generally regarded as an atom 

mask, the chain-reaction pile is actually the most 
eficctive and important form of particle accelerator. 
What is more, a pile produces neutrons--parricles 
which am my effective in causing nuclear reactions, 
but which annot be directly accelerated in any stand- 
ard atom smasher. A typical pile is a large concrete- 
endosed mass of graphite and natural uranium. The 
uranium undergoes a controlled chain reaction, liber- 
ating vast numbers of free neutrons in the mocess. 

fable V. Conipmison of Particle Accelerators 

c,c101m P 
d ~ 

The-material to be bombarded is placed in {he pile, 
or a hole is opened in a wall of the pile and a beam 
of neutrons will emanate from the hole and fall on 
the materia to be irradiated. T h e  operation of the 
chain-reaction pile is described in chapter 2. 

Table V summarizes the characteristics of the ma- 
chines discussed in the foregoing paragraphs. 

' 

e Brf.tIW 

Synchro. P 
~ y c l o t m  d 

- rartlcln: p, pmton or hsdmmn nurlru.: d. dculcron er 
bm.1 b,dm'ea muclwr; 4 alpha parllrl. o t  h.lluiii nudcm: *. drclroa. 

t ne,. 10 ektron volts. 

Section V. NUCLEAR POWER 

Whctber nuclear energy as a commeraal source of 
power is feasible and when it might be available are 
presently being arefully considered by scientists, en- 
gineers, and industrial experts. No firm commonly 
accepted conclusions have been reached. But one 

88 

authority makes this optimistic statement : "Thcre is 
no mystery about atomic energy that good engineer- 
ing cannot solve." 

The material that follows presents different p i n t s  
of view and includes data which has been arranged 



into tables and chad for the wnv&ce of the in- 
structor in presenting the material visually. S n  
figures 36 to 41 inclusive and table VI. 

Ultimate output of atomic energy in this country 
may be PI great or greater than p-t output of 
uwl poav “and will operate at a lower cost, at least 
ar far PI fuel expenditure is concerned.” That was 
the Atomic Energy Commission’s view in 1945 on 
power p”peas, provided that favorabk o~sump 
tionz arc made about two things- 

Thrt the cost of uranium dour not rise markedly 
in the future because of forced resort to lower-grade 
ores; and that the theoretical possibilities of “breed- 
ing” d c  fuel can be realized in enginaring prac- 
tice The latter means building atomic reactors 
which are highly effiuent so that when they consume 
fissionable materials they will, at the same t h e ,  pro- 
duce an equal or greater amount of new fissionable 
material by transmutation of non-fissionable uranium 
or of hrium. 

If unfavorable assumptions are made, that the CODt 
of uranium will rise and that breediag Will prove 
imptacticable, then atomic power cwld compete with 
eaal power only in regions where cost of transporta- 
tion from the mine is a determining factor. 

This view on economic prospacts from atomic 
power is much the most optimistic which has ever 
come from official sources. It puts rhe offieial Atomic 
Energy Commission position much more nearly in 
h e  with private estimates that the ultimate cost of 
atom power would drop somewhere between hydro 
and steam. 

The new position appears in the fourth semiannual 
report of the AEC. It is presented as a report 
to AEC of the Commission’s General Advisory Com- 
mittee. This source is particularly significant, since 
the advisory committee generally has been consider& 
as the group in the government most pessimistic on 
power possibilities. Actually, the best informed au- 
thorities do not believe that atomic power will ever 
be able to compete with coal in cost 

As to time scale, the advisory committee still is 
rather conservative. It points out that two reactors 
to produce token electric power should be a m -  
pleted within 2 or 3 years. 
One of these is the air-cooled natural-uranium pile 

at Bmkhaven Labratory on Lmg Island, due for 
completion in the fall of 1950; it d l  produce some 
power from the heat of its cooling air but not wen 

rnough to run the blowers which drive tbe cooling 
system. 

The other is a reactor of rdvmced design at the 
Agonne Labratory in c h i .  This will be a 
&t-neutron pile using enriched fuel and cooled by 
liquid metal. It will run at a high tunpnture  and 
will produce power in scmiething apprcuchbg com- 
mercial quantitiea, though at nothing approaching 
c o m m u d p l ~ .  c h s h c t l  ’on of this reactor waa 
diseuued for a year and am More it was dnsp 
authorized. 

Building on expiencc with these two units and 
their successors, the advisory committn thinks, 
“fairly practical reactors that might be useful for 
special purposes” sboukl be available within a decade. 

In about 20 years, under favorable dfiumstances, 
a “considerable portion of the prrsent power supply 
of the world” might be replaced by nuclear fuel, the 
committee believes. 

Nuclear energy will not antribute any very 
large amount of power to the world during the next 
IO years. That is the opinion of On wcn-intonncd 
scientists now working in this field, d g  to Si 
John Cockcroft, director of Britain’s Atomic Energy 
Research Establishment. The reasat is that four 
major technical problems must be solved. Thcse arr- 

1. The “fu&’ ploblrm. InvestigatimS so far hve 
shown that, while natural uranium piles which could 
generate power as a byprcduct are technically feas- 
ible, their “fue1” dt;dency at prrrpent is so low that 
they would not be economid Nahtnl uranium 
piles “burn up” only a very small proportion of the 
uranium at present. The fuel problem thus beconles 
the died “brcedinf problundnding a way to 
utilize the greater prt  of the uranium “fuel.” Until 
this is done, presmt resources of uranium will be 
insufficient for krgc-scale nuclear power. 

2. The nrerdlurgiral problem. Finding materials, 
better suited to withstand high temperatures, which 
can k used in construction of piles. 

3. The ‘‘comi%u~u’’ problem Finding an &- 
dent way to procas the nuclear fuel used in the pile, 
which includes ranoving the intensely radioactive 
ash from the fuel safely and economically. 

4. The “ a h  disposal’’ problem. Gating rid of 
the large quantities of radioactive ash that would be 
produced by the sLable number of n u d m  power 
stations required to supply the world, 
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W o n  VI. NUCLEAR ENGINEERING 

The following lrtide by Major General Kenneth 
D. Nichols, USA, apptared in Nucleonics, July 1949. 

The n o d  &cuing approach to the s o l e  of 
problem u u applicable in the deld of nuclear enpineu- 
i n g r s i n ~ O t h c l k . n d , O f ~ ~ .  scmeofthe 
nuclear mgku-bg p m b l w  mccmtered by the Mantut- 
tan District, a few of h e  prevnuy encountered by the 
Atomic Ennm conniuioo. md lomc of the steps that 
havebcm PLar by universities to meet the need for en- - tnincd to hodle these problem d illurtnte 
thiaf.a 

In tbe early days d the Afdmhttul Project, primary 
PmbkIm involved not d y  rieaa bus even to a greater 
Urmstnginechgandindwtriplmumganmt Roeue6 
and development had to be completed, and organizatiolls 
obtained (or built up) to design the twccsuy pmiu& 
phms. construct than, and thm opaPte than for plutcadum 
and uranium-2.35 prodtlction. In addition to research and 
devclopnvst, a coarideroble amount of enpimri was 
nmssary if a prndial bomb WM to be aoeloped The 
scientists on the project at that time recumked the exist- 
encc of typical enginering problems but few of than 
rcalizcd the complexity or the magnitude of the engineer- 
ing that would have to be devoted to their solvtiea hefore 
the projca could be -pli&d. 

I SR) fohnate to be able to observe how rmny of tbc 
problem thst dron tcd  the Manhattan Dirtria nrr 
s o l d  To 6ad engineering cwtractors to desisn the 
p r o d d m  plants was tbe first problem Our selection - Gmtrac&r Grponticu Although we d i d  that 
they could not hwlL all the prcblcm% we nceded a v t  
&le to nukt rneiaeui2y &e, m everything, so their 
original contract was made very broad id comprcheoh  
Stmrtly d e r  the vlstim of mtractor, it was obvim 
to us Md to the physicists b chicpro &at a grut deal of 
chemical engineering had to h done if a chain reaction 
pile for prodcdion of plutonium wu ever to prow itself 
p l X t i d  

The & d e a l  problem associated mth t k  plutonium 
project, for inanncc were tremendously underesttimutb 
As mntncting o h ,  I sat down to do some estimhg 
with the cbiaga ptly5&ta, the miduochemidS who knew 
what waa to bc horn &ut the chemistry of plutonium 
that had becn & r i d  from less-than-milligram lots, and 
with engineus from du Pont How many dollars’ wortb 
of plant a d d  be nKIssary to develop a p~ct ica l  semi- 
works for the c h e m i d  procur? Three million dollars 
was the figure arrived at-atthough most of us thought it 
might h on the high side. 
One month later du Pori( had gotten into the problun 

enough to mlia that neither two ncu three millica 
m l d  tMlcb the problun. Not o d y  thas they felt the 
whole project acaded a thorough engineering rericw to 
determine if the many engineering problems involved not 
d y  in  tbe pIntarium p r o j a  but in the U’ and wcapca 
development projenr as well, could be solved in a r m -  
able length of time. As a result, a committee consisting 
a m t i a l l y  of engineers was Kt up. It did its work k- 
twem Septembr and Xo\-ember 1942. They made prc- 
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%ninary mst estimates that turned out to be rearortablr 
accurate, rad recammended the types of oruanizations that 
were necessary to d a i  construd. and operate the plants 
m v o l d  in the M.abpnpn Project. 

On the ZT ead of the project the rub involved engineer- 
in$ problans quslly p1 &ult u t h e  on the plutonium 
project. The basic airntific work M the phvaicnl  para- 
tiwof P a m 3  u- was UtnOrdLvrily d in hnd, but 
in this use tcm the ruearch on the rupprtkg chemistry 
I.wea behind. In tbc deehrnwnetic plmt, for inahace, 
rium were UIOK early Qyr when m matter haw much 
material was put into the produaion pipdme n o w  
SrmKd to eom out and the project’s leaders were joshed 
for utcmpting to product vauiahing qwtitica of U-. 

We were ked with the dnels chemical problem of 
sewrating P from ilroeizted gunL. Because of the small 
quantity of U.. am3 the extremely large quantities of 
gunk. msisting of a mixtme of many other elements, 
hue, too, chanid engineering did not apply. A 
precision of r a o v u y  was required that far d d  
n o d  prcduction standards but production engineer& a&- 
sisted by research chemists and research engineers, h U y  
derripcd and set up the necessary production line technique. 

As a msuu of d e w  the mad for mgiviecra in the 
atomic energy 6eld.I a d d  enumerate otbersumplcs and 
giw more ukquatt &tion to the m y  industrial 
firms that formed a put of the turn that put over the 
M a n h a t t ~  Project Honmr, I prda to d n w  on history 
d y  to the extent I have dom to ill- how the mgi- 
n m k g  appro& f o r d u a t i n g  the task and organizing for 
the job .RPI sue~slfully applied. 

The Pramt and the Fumre 
on the bfdwtan Project and 

in planni i  for the d+opntmt of atomic power it has 
become dear that the future of atomic energy depends 
primarily on how well cngbers do their job. La us leek 
at YM* of the specific problems i n v o l d  m mrlur en- 
gin-. In a pile, w w r  it be for production of plu- 
tonium for h b s  or for production of commercial power, 
the b e e r  i, faced with new and difficult p m b l w  with 
which he hpa hod little experience: and during the War 
he had pr’utklly IIWG At the present time army en- 
gineers have the experience derived during the war, but 
most engimers lack additional educational training that 
permits than to solve there new problems without lurning 
new principles required by the atomic en. 

Shielding. Take, for cxamplc, shielding against radio- 
activity necessary wherever you hare a chain reaction or 
radioactive materials. H u e  engineers wcre and are faced 
with strange q u i m m t s .  One mteripl might stop one 
typc of n d i m  but not another. Mrmover, DDme 
materials mcrdy mnvut om typc of radioaciivity to an- 
other. Health physics is inwlved and there is little in- 
dustrial bckground for making thc necessary statistical 
mdin 

&@taring and remote control. One aspect of shield- 
ing is protection of the workmen. Another equally im- 
portant aslpect is the remote control a d  maintenancc 
problem In the chemical prccctses, or h the working of 
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the pik haelf, tbc pmocsr quiptncnt must be controlled and 
muaaord by rrmote control mctlpdl. Intendn Spap- 
acahu ML and is necessary for doing this type of work 
At €hiford, complete drmicnl procram hd tD k 
capable not only of Dpentim by remote amtml but plro 

involved is what we M m w  de- upon u a delwing 
f.aor in other t~tiolu' attempts to &e atomic wrapma. 

Qemid remvcry. Also involved in nuclear agineCring 
is a need fw p r r d s i a  of r e a n g  not normrlly mcomtered 
even io tbc light ckmical industry. The value of plutonium 
or P i s  10 high tb.t extranelj h&b pmnhp of re- 
mrsy is n- ioanyancillpry chanial pmccw in tbc 
pmdmicn of p o w  if such p o w  is to be comptitive 
with h e r  wurccd of power. Not rmly k sucb prairi00 
ebaaicll engincuing mmpticated by the need for remote 
control apparatus, but alao the transmutation from om 
dmrm to another of the ai tadant  pmduct, h a can- 
pliiting factor. The control of rndiaactivc wastes, both 
liquid and pucno, must k done to a degree tlot wer- 
ally r e c o p i d  by other industries. Many millions have 
k n  spnt at Hanford io the control of there liquid and 
gastow wastes an& if armmeminl power b mer to be 
p d a b l e ,  evul greater effort muat go into this problem 
iu order to secure M cumomid solution. The cbrmical 
cogharing in -mld  m thc production of power o in the 
pmaatioD of plutcaimn ir the majw problem that mual 
bc more etlkime s o l d  if we are ever to have mm- 
peljiive atomic pona. 

Rere 'IC hnc problems that arc beyond 
the urprlrncc of mod of the urn in this 6cId. In 
the heat exchange problem, we are faced with &ng a 
urmmdou, amounf of kat  out of a very small volume The 
problem u further m p l i a t e d  by radioactivity. We must 
consi&r the nudear properties of thc molants used for 
trammhing power from mum to machinr We must 
consider both the effect of the cmlant on the nuclear 
reacth and the effect of the readion on the coolant. 
Thc tcmpoaturcs inmld are such that liquid metah may 
be the only suitable coolants. When we combine all these 
probkM with the known characteristics of materials, we 
find ourselves working with some very MSty materials thaf 
intmduce added probluns of safe handling. 

Materials and metallurgy. Throughout the pile we are 
confronted with engineering problems concerning mate- 
rials and metallurg?r. The materials used in the piles 
must meet functional and structural rquiremrnts and must 
stand up against the high temperatures involred. Not only 
must they stand up against temperatures with which we 
have insufficient practical experience. but they must also 
have the proper nuclear properties, Here again the ma- 
terials may affect the nuclear reaction or the effects of the 
ntrclcar reaction on theK materials may k such that the 
physical propertics of the materials, such as the struc- 
tural strength, conductivity, o r  molccular stnxtum, are 
charged to such an cxtent that they no longer fulfill their 
b i c  missions, Here the research, engineer must work 
with tbc physicists, for a tremendous mount of work must 
be done to determine the nuclear properties of ordinary 
structural materials and to develop new matuials that 
can be produced in quantity and hare the proper nuclear 
properties. 

. .  

o f ~ c c t q r r m o t e c o n t r o L  SomeOftheaadgdlY 

Heat 

Economic problems ud industrial safety. Dependable 
methodl ud equipment must be developsd that am far 
beyond our normal industrial standuds It i: &ly to 
maintain equipment by remote umtml or rb.rrdoa it  when 
something goca w-. If the d c  pmblerm of 
atw'c power are to be solved, g r w  depnd.bility mtut 
he built iato even the mdinary wuimcnt -tar than ir 
required for the equipmeat of any o t k  induster. 

Other engineering pmblemn inmmd pmin to in- 
dustrial safety. Unforhmately, many of the datific per- 
sonnel irwh-4 in the development of nuclear anm do 
not have PYCtkd txpuhcc in industrid UMU. The re- 
sult is t lut  umwally standanla h v c  been set In- 
dustrid aaf* qincem will evcnhmlly bn to 1Ohe thir 
probkm and gtt'it a a practical scale if we .n to ban 
Soaomical nuclear power plants. 

Indualrial uses f w  radioactivity. In solving all of thew 
engineering problems fhc solution must be based on the 
needs of the operator or produrn. A t M u l  solution 
is of litfle value if it cannot be applied on an industrial 
scale. The engineer, by training md tnditioo, is 1cc1u- 
tomd to meeting the needs of fhe industrial operator in 
like pmhlemi pertaining to other fields. He has bridged 
the gap between the scientists and the industrialists in meh 
other engineering fields as electrial engineering, chemical 
engineering, mtallurgiul engineering, mechsnid awi- 
neering. power and Mhu. and them ia w ram why he 
 not d e r  the sum ~ r v i a  in the fidd of nuclear eogi- 
mering. 

More engineering prdhu M .Itpdrd to the &i- 
cation of ldia&i@.x thc u&e of ndiodDIoffr to 
neering MeMh for devdoviw cbsnal al* 
pmcczses or for dmloping better mepllargy. Radio- 
active materiala are being wed in the ptrokum indwtry. 
Other uses undoubtedly will be developed as experience u 
acquird 

The Universities' Problem 
The problem presently confronting our universities is 

to determine what courses should be introduced to train 
engineers and scientists adequately for the denlopmet  
of atomic energy. It is not my intention to cover the 
needs of additional scientific traininn in our universities. 
However, I would like to make certain suggestions con- 
arning what might be done in the field of engineering 
education to qualify our graduate engineers for handling 
nuclear engineering problems. Just one course in our 
engineering schhwls will not be the answer: a.hat is n m s -  
sary is the introduction of nuclear engineering courses in 
the several f ields-cid,  mechanical, electrical, and chemical 
engineering. Such cowses in their respeaive fields should 
stress the problems of heat exchange, metallurgy and ma- 
terials, chemical engineering, gadgetering or remote um- 
trol, a d  industrial safety, all handled from the atmdp.int 
of how nuclear physics affects the sol& of these prob- 
lems a.kn applied to nuclear engbeerhg. 

Mad universities have alrudy W the .problem of 
training graduates for atomic energy development. Some 
progress has been made. Corncll, Princeton. Chicago, 
and practically every other large university have intro- 
dwed courses in the field of nuclear e n b r i n g  or m- 
gineering physics. but tm many ol them h v e  stressed the 
research approach rather than the engineering approach 
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One university’s course leading to a master’s degree in 
science, there is no question, nrwsea thc physics. metal- 
lurgy, mid chemistry involved in nuclur energy. It coven 
all of the scientific or research fields but it apprently does 
little toward giving the student the engineer’s concept of 
how to approach a typical engineering pmblem The mi- 
versities M making a mistake if this is to be the main 
educational effort. If it is the main effort it is up to the 
educators in engineering to correct i r  

Greater progress can k made if M tnin engineers to 
handle nuclear problems just PL we have trained chemical 
engineers to handle chemical problems involved in the 
&neering, dwign, construction, and opntmn of prc- 
duction plants. Instead of giving a few mur Iu  in engi- 
mering to a student who is essentially a physicist, a chun- 
ist, or a metallurgist. greater emphasis should k placed 
upon giving students who have a basic engineering eduu- 
tion, either civil. chemical, electrical, mechanical, the 
principle. of physics, and the problems of nuclear engineer- 
ing involved in the particular field of engineering. For 
example, a chemical engineer would major in nuclear 
chemical engineering, or a civil engineer major in nuclear 
civil engineering, each taking the ~ e s s a r y  additional 
courses to qualify him for work in the field of atomic 
energy. 

The Societies’ Contribution 
The American Society of Mechanical Engineers is as- 

sisting in this problem In recent meetings of their 
atomic energy committee, they have dixlused the need 
for a grater numkr  of &neers in the atomic energy 
field. Thcy have offered to aasist the AEC in trying to 
procure more engincerr with industrial and commercial 
background for this work. More a g i n u r s  and engineer- 
ing organizations will be necessary as time goes on if the 

bpric work of the scientists presently aigagcd in the prob  
lun i8 to k properly M o p e d  and applied The Ameli- 
u n  sodety of M U  Engineers is also preparing 
a glossary of all terms mwlvcd in nuclear engineering as 
a first step in the education of engineen. They arc, in 
ddition. entertaining the idea of nuking propxds for 
the placing of engineers m atomic energy work 

How University Personnel Can Help 

In attempting to d d o p  proper education courses, 
secmy 8nd government control of the atomic energy field 
m y  appear to be limitkg factors. However. there is 
plenty of information available upon which an effective 
star t  in the field of e d d o n  can be b a d  A muns  that 
burs remmmcndation is for more university engineering 
deplnmrnts to seck m n t n c t s  from the AEC or  with its 
contmors  for the dcvetopmmt of the atginrrring research 
in this field Also, more professors should sak temporary 
employment with the AEC and its contratton so that they 
can get first-hand informtion about the problems involved 
They will then k in a better position to determine the basic 
edwational wurses in the field of physics and physical 
chemistry required and thc revisions and additions n e s -  
sary to our more standard engineering courses. 

Our educational efforts in the field of nuclear engineering 
should k devoted primuily to giving supplementary edu- 
cation in the fields of physics and radicactivity to engineers 
rather than trying to g i ~  a little engineering to scientists. 
Although it is recognized that both appmchcs arc neces- 
sary, the engineering approach to the problems of atomic 
energy will do far marc towards expediting the solution 
of the remaining prcblemr than the scientific approach. 
There is no mystery about atomic energy tbat good en- 
gineering cannot solve 
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Natural gag 
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Nucleu Power 

6 1.2 x 10 
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1 .o 
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23. 

_ _ _  120 x lo* 18,000. --- a x  lo9 1.6 
1,200 175 lo4 4.4 550 44 x 104 25. 
510 u lo4 a.7 310 27 lo4 61. 
130 11 lo4 .88 110 0 . 8 ~  lo4 86. --- 4.2 x 10' .ia --- 1.2 io4 20. 

2,840 2.34x to6 8.1 910 0.82x loo 

--- 680 .0085 --- 660 09. 
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APPENDIX I 
BIBLIOGRAPHY 

The purpax of this bibliography is to suggest a 
nucleus of available current p u b l i c a h  on the gcn- 
eral topics of a nuclear physics, atomic energy, and 
~ o l o ~ ~  dd- around wfi& to l i b  

The subject literature is ucpanding ~pidly, and no 
attempt b been madc to compile an exhaustive list. 
Each itUn includes a Short annotation u) that s e k -  
tiOn may be -de sccording to individual interests 

' andneedr - 
useful to &IS of the armed se- and others 
interest& in atomic energy. It is intended to assist 
instructors in preparing their lectures, and the mate- 
rial Listed has been examined and carefully evaluated 

All the mrteripl l i d  caanot be furnished by the 
Department of the Army; however, sane items QIL 

be ob- by rrguest bough nd h- 
nels. Most of the items can be purchased Eom- 

on the basis of uvfulness and availability. mercially. 

Section I. MILITARY AND GOVERNMENT PUBLICATIONS 

There are, in ever increasing quantity, a numbfr 
of publications issued by various departments and 
branches of the Department of Ddense, as well as 
other departments of the Federal government, avail- 
able through oAidal channels to the radiological de- 
fense officers. In some cases, these publications in- 
clude a detailed biiliogmphy of other available ma- 
terial. Below arc listed only a few of the general 
and key publications recommended as a start in build- 
ing an upto-date reference library. 

1.  Rodwlogical Defense M a d ,  Yolume I ,  
A d  Forces S p d a l  Weapons Project, National 
Military Establishment, 1948. A general technical 
presentation of the various topics deemed essential 
for radiological defense o m s  and othrs. A work- 
ing knowledge of ksii physics and elementary alge- 
bra is an asset though not essential. Available 
through Army charm&. 

2. Rodiologud Defense, Volume III ,  Armed 
Forces Special Weapons Project, 1950. The latest 
volume in a series of publications issued by this 
agency. This volume contains a number of topics 
written by speu'alists and experts covering the general 
aspects of atomic explosion, medical effects, and com- 
mand problem. A "must" volume for all military 
commands. Available through Army channels. 

3. Atomic Energy and Radiological Defense, De- 
partment of the Air Force, AFTRC Manual 
52-355-1, April 1949. An e x d e n t  well-illustrated 
easy reading presentation of the essentials of atomic 
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energy and ita relationship to radiological defense. 
The historical point of view is stressed. 

4. Handbook of Radimctimty and Tram Metho- 
dology, A. F.  Technical Report 5668, USAF, Air 
Matiriel Command, Dayton, Ohio. A rather com- 
prehensive multilith publication covering many phases 
of radioactivity, prepared by a group of specialists 
headed by William Sin, University of California. 

5. Cafdogue of Rad& Equipment, Navy Depart- 
ment, Bureau of Ships, NavShips 900,141. An illus- 
trated catalogue of raaiaC instruments used by the 
Navy, including a general description and character- 
istics of gear, Refuences the instruction hand- 
books for ach instrument. 

6. Mmvd of Rodiologkd Sajaiy, Navp Depart- 
ment, BuMed and Surgery, NavMed P-1283. Pre- 
pared especially for medical officers, it contains con- 
siderable material on general nuclear physics, in ad- 
dition to the medical aspects. There is a section 
on Navy Radiological Safety Regulations and ex- 
cerpts of the regulations for the transprtation and 
shipping of radioactive materials. 

7. Shipyard Indvstrid Radiologird Manwl, 
Navy Department, BuShips. The purpose of this 
multilithed wlume is to w e  as a guide to shipyards 
and repair dvities to euable them to evaluate the 
various features of the industrial radiological prob- 
lems of materials, organizations, procedures, and per- 
sonnel. 



8. RodiWrWy Units and Siondds, Reprinted 
from NUCLEONICS, October 1947. (Available 
through Isotopm Division, Oak Ridge, Tan. )  A 
small pamphlet explaining in detail the more im- 
portant units and standards of radiooaivity. 

9. Sd8cted Biblwgraphy MI Atmric Energy, 
Technical Information Division, AEC, 1948. (Avail- 
able from Suprintmdmt of Docwnentt, 15 cents.) 
A bibliography of selected references (II various as- 
pects of atomic energy including w e  and mili- 
tary applicaticms. 

10. A Ce~wal Accknf of the Dmelopment of 
Methods of Using Atomic Energy of the United 
States Government (available from Superintendent 
of Documents, 40 cents). The above is the official 
title of what is more familiarly born as the Smyth 
Report. It tells the story of the administration of 
the dcvelopmmt of the atomic bomb, gives the names 
of cognizant personnel and sufficient technical expla- 
nation to appreciate the terrific difficulties oyercome. 
Evcry officer should read this repoh (Obtahble 
in a stifi-backed edition with photographs from 
Princeton University Press at $2.00.) 

11. Deparimmt of Defense S p e d  Tezts, Radio- 
logical Defense Series, Chemical Corps School, Army 
Chemical Center, Md. 

RDS-1A; Navy-NavPm 10851 ; Air Force-RDS- 
IA). Contains part of Mimeo 187, “Review of 
Mathematics and ChanisUy” (Rev. 10 May 48) and 
Mimeo 185. “General physics” ( 5  Oa 48). 

Hondbook for Rodwlogicd Defense Sub- 
courses (Army-RDS-1B; Navy-SavPers 10852; 
Air Force-RDS-1B). Repkces Mimeo 145. 
“MathematicalTables” (1 Sep. 48). 

Atomic Structure of Matter (.\nny-RDS- 
2.4 ; Navy-XavPers 10853 ; Air Forn--RDS-ZA). 
Contains part of Mimeo 187, “Review of Math- 
ematics and Chemistry” (Rev. 10 May 48). 

Kuclear Physics (Army-RDS-3A ; Navy- 
SavPers 10854; Air Forcc-RD~3A). Replaw 
Mimeo 1W. ”Nuclear Physics” (Rev. 1 Apr. 49). 

Rmkw of mot he ma ti^^ and P ~ s  (Army- 

4 
Table of 1soto)Cr (Army-RDSJB : Navy- 

NavPem 10855: Air Fo-RDSJB). R e p l ~ c a  
Mimeo 131, “Seaborg Table of Irotopes” (9 May 47). 

12. Chemical Corps School Mimeographs for use 
in Radiological Defense Courses. 

Mimeo 135--Cmtrol of Radwactivity Haa- 

printed from Chemical & En- 
gineering News, Vol. 25, No. 
26, Jun. jo.47). 

WdS (28 Aug. 47) (Re- 

Mimeo 159-Sta~7Plunr(l Sep.49). 
Mimeo 203-&lectron Tubes a d  Amplijiurs 

(Apr. 49). 
Mimeo 204-RadiOtion Detecting DsVirss 

and Their Uses (1 Sep. 48). 
Mimeo E9-Rodwlopicd Defense Training 

Program (3 Oct. 49) 
Mimeo 379-Lecture Notes on Explosion 

Phenomena, Monitoring and 
Fall Out (1 Mar. 49) 

13. Nucleonics for the Navy, Department of the 
Navy, NavPers loSs0. February 1949. This Is a 
revision of the special edition of the Navy’s AII Hands 
covering Operation Crossroads and radiological de- 
fense, but greatly enlarged. Vay  wdl illustratul 
and somewhat more technical than refcnnce No. 2. 
Has a particularly good Seaion on radiac instruments. 

14. The Eflects of Atomic Bombs on Hiroshima 
and Nagasaki, The United States Strategic Bombing 
Survey, The Manhattan Engineer District, 30 June 
1946. 

15. Public Law 585, 79th Congress, Atomic En- 
ergy Act of 1946 Senate Publ idon  Section, Library 
of Congress, Washi ion ,  D.C. 

cirrity-Safegirding Military Inforination 
16. Army Regulations, AR 380-5, I f i l i fary  Se- 

17. Amip Regulations, AR 380-10. Mi/itory Se- 
cirrify-Laws, Execirfiw Orders, cfc.. Prrfnining to 
Safegrrordiflg .if ilitorj Injormafion. 

18. Navy Regulations, I%, Chapter 15. 

Section 11. PERIODICALS 

This Kction lists periodicals d& pertinent to 

1. Nucleonics, Monthly. McCraw-Hill Book CO., 
3 years for $20.00. The leading rrtagazine covering 

the technical aspea of nudear physics: each month 
indudes feature articles, new instruments, new books, 
reports of scientific meetings, and personnel items. 
The advertisements by manufacturers of radiological 
equipment are of considerable value. 

radiological defense engineers and to others. 

99 



2. Ra-Dei, Monthly, Radiation Instruments tides on dosimetry, exposure safety, radiation d e s  
on tissue, and so on. It is recommended for medical 
officers and health physicists. Contains abstracts of 

Physical ReYimr, Monthly, American Institute 
of Physics, 1 year for $IS.aO. The official publica- 
tlon of the American Physical Society, sent to its 
mmbers. Advanad training in physics usually is 
required to understand the artides which cover many 

is by the large number of in this 

Branch, Atomic Energy Commission. Contains in- 
formation on radiation detection devices, feature ar- 
tides on instrumentation, results of evaluation of other literature. 
conunercially available radiation instruments, and 
specifications for new equipment. 

4. 

3. Radiology, Monthly, Radiological Society of 
North America, Inc., 1 year for $8.00 Although in- 
tended PriMrilY for physicians, r ~ ~ e n o l o @ s t ~ ,  and 
others interested in the chemical aspects of X-ray and 
gamma radiations, it contains numerous feature ar- 

branches of physics. The great interest in nuclear 

and related subdivisions of physics. 

Scdion IIL TEXTBOOKS, COMMERCIALLY AVAILABLE 

1. Introduction fo Atomic Physus, by Otto 01- 
denberg, McGraw-Hill Co., 1949, $5.00. Intended 
for those who have taken general college physics and 
are familiar with the elements of chemistry. Stresses 
the relationship between theory and observed facts. 
An excellent text for the more advanced student. 

2. Tkr Structure 01 Matter, by F. 0. Rice and 
E. Teller, John Wiley & Sons, 1949, $5.00. On a 
Junior and Senior College level for physics majors. 
Requires understanding of advanced mathematical 
functions. Descriptive treatment of atomic and nu- 
clear phenomena based on wave mechanics. 

3. Eleclron and Nuclear Physin, by J. Barton 
Hoag and S. A. Korff, D. Van Nostrand & Co., 1948, 
$5.00. Presents the results of modem physics on the 
college student level. Large section on nuclear phys- 
ics. A unique feature at the end of each chapter is 
the inclusion of detailed directions for performing 
a number of laboratory experiments on the more im- 
portant concepts of modern physics. 

4. Nuclear Radiation Physics, by R. E. Lapp and 
H. L. Andrews, Pientice-Hall, Inc., 1948, $4.50. A 
relatively non-mathematical treatment of topics of 
interest to the radiological defense officers. Includes 
most of the topics in the lecture portion of the 6 
weeks' Radiological Defense Course. 

5. Physics, Principles and RppIicatkmr, by Mar- 
genau, Watson, and Montgomery, McCraw-Hill 
Book Co., 1949;$5.00. A general textbook for soph- 
omores majoring in engineering, mathematics, and 
physical sciences. Contains considerable basic ma- 
terial on modern physics. A good reference text in 
general college physics. 
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6. Elements of Physics, by Alpheus W. Smith, 
McGraw-Hill Book Co., 1948, $3.75. A general col- 
lege textbook covering both the dassical and modern 
aspects of physics at a somewhat leu difficult level 
than text number 5. 

7 .  Radioactivity and NucIear Physics, by J. M, 
Cork, D. Van Nostrand Co., 1947, $4.00. A general 
text on radioactivity more advanced than text number 
4. It presupposes a good knowledge of mathematics 
and physics at a level of the beginning graduate stu- 
dent in physics. Includes problem and answers. 

8. Explaining ths Atom, by Selig Hecht, Viking 
Press, 1947, $2.75. An interesting, light. non-math- 
ematinl narrative of the structure of the atom, atomic 
energy, and the atomic bomb for those with no 
special science background. 

9. Fwndafions of Modern Physics, by Thomas 
B.  Brown, John Wiley & Sons, 1949. $3.50. An ex- 
cellent presentation of the most important concepts 
of modem physics with a minimum use of mathernat- 
ics. Particularly good for oficers with a limited 
knowledge of physics and mathematics who wish to 
extend their understanding of modem physics. How- 
ever, a basic knowledge of physics is presupposed. 

The Science and Engineering of hruclear 
Power, by Clark Goodman, Addison-Wesley Press 
Inc., Cambridge, Mass. 1947, (2 vols.) $7.60 per 
volume. Material in these two volumes is b a d  on 
a series of seminars given at M.I.T. on chain-react- 
ing systems. Volume I is primarily a general sur- 
vey of the fundamentals of chain-reacting systems. 
Volume I1 prescnb certain specific topics in detail. 
Valuable reference source for advanced students and 
nuclear physics engineers. 
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11. Ekction and Nuclear Coun!crs-Theory and 
Us#, by S. A. Kotf7, D. Van Normnd Co., 1947, 
$3.00. Sum& the pertinent kb regarding 
the theory of the discharge mechanism and the p a -  
tical opvations of ionization chambers, proportional 
counters, and Geiger-Mueller counter instruments. 
Intermediate level. 

12. An Introductia to ElrchOnk+. by Ralph G. 
Hudson, MaeMiUM Co., 1949, $3.30. A non-math- 
ematical pratutatioa of the b i c  cmcepts of con- 
stitution of matter, electronic tubes, d o  communi- 
cations, television, and othw.applicatims of electron- 
ics. Some physics background is presupposed. Ex- 
cellent for radiological defense offmr who lack 
knowledge of electronics. 

13. Radwactivr Meacuaorrrmts m'th Nw~ear 
Em-crr, by Human Yagoda, John W h y  & Sons, 

ily as a guide on the use of emulsions in radioactive 
mepnuemeats. Suflident theoretical mattrial is in- 
cluded to understand the basic awhnums . involved. 
Of special value to those interested in the problems 
of radiological perronnel exposure aacnmting sys- 
tans. medical officers, and health p h y s i c h  

14. Atomic Medicine, by Capt aPrla F. Behr- 
ens (MC(USN)), Thanas Nelson d Sons, 1947, 
$7.50. Fills the need of bringing information on 
basic nudear physics and physical chemistry, radia- 
tion biology and ndintion therapy at an intermediate 
lwei between the layman and specialist between the 
covers of one book. An excellent reference book for 
the radiological defense officer. 

1949, $5.00. This bwk har been d&pd p r i m -  

15. One WorM 01 None, by N. Bohr (Fore- 
ward), McGaw-Hill Book Co., Inc, 1946, $1.0. 
A report to the public on the full waning of the 
atomic bomb, given in a step-by-step analysis of the 
basic problems involved in the use of atomic energy, 
by outstanding scientists associated with the project, 
in collaboration with authorities in the political and 

16. Scient& Against T i w ,  by J. F. Baxter 3d. 
Little, Brown and Co., 1946, $5.00. Brief official 
history of the Office of Scientific Rrsearch and De- 
velopment, a story of the d e v e l m t  of weapons 
of war, and also of the advance in the complex field 
of human relations in a free world. 

17. The P r o b k  of Reducing V~lm&li!y io 
Aiomic Bombs, by Ansley J. &de, Princeton Uni- 

military fields. 

versity Press, 1947. $2.50. Because mort of the 
techniques required to study the practical methods by 
which mankind can substantially reduce i u  Wner- 
ability to atomic warforr lie within the field of compe- 
tence of the social science, this report d the Com- 
mittee on Social and Economic Aapcdt of Atomic 
Energy is important 

ning and H. C. Paxton, McGraw-Hill Bodr Co., Inc, 
1941 (3d impression) $3.50. Tat ca ighdy pm- 
p a d  for students eking first s ~ n e d c ~  of 2-year 
q u m c e  in the scienw. This bwk, primarily in 
physics and certain aspects of astronomy, ala0 is in- 
tended to serve as a principal refermet text. 

19. Alsos, by Samuel A. Goudsmit, Henry Schu- 
man, Inc., 1947, $3.50. An account of the Alsos 
Mission, a scientific Intelligence Mission, whose pur- 
pose was to determine precisely the progress Gvmpn 
scientists had made with the atomic bomb, and why 
they failed scientifidy. 

18. M u f t ~ ,  Energy orrd, Rod-, J. R Dun- 

20. Atomic Energy in War and Peace, by G. G. 
Hamley, Reinhold Publishing Co., 1945, $1.87. Sur- 
vey of the subject of radioactivity md nuclear 6s- 
sion with emphasis m the facts relating to the manu- 
facture of U 235 and plutonium. 

21. Must We Hide? by R. E. Lapp, Addison- 
Wcsfey Press, Inc.. 1949, $3.17. The facts of atornic 
h b i n g s  as revealed by the Bikini tests, are reported 
in this book, and logical conclusions drawn from 
them are discussed. 

22. Nuclear Radiation Physics, by R. E. Lapp 
and H. L. Andrews. Prentice-Hall, Inc, 1948, $4.50. 
An essentially non-mathematical apprcach to consis- 
tent discussion of radioactivity and nuclear structure 
is presented in this book which is the outgrowth of 
an elementary manual. Health Physics is included. 

23. Dawn Over Zero, by William L. Laurence, 
Alfred A. Knopf, 1946, $3.00. The story of the 
first atomic bomb explosion at zero, the code name 
given to the spot in New M a k o  chcrcn for the first 
atomic bomb test 

24. General Phyks ,  by Robcrt Bruce Lindsay, 
John Wiley & Sons, Inc., 1940, $3.75. Basic intro- 
ductory textbook for science students who have had 
higher mathematics and elementary, descriptive 
courses in physics. 

25. Afomk Shurlurr, by Leonard B. Lach, John 
Wiley & Sons, Inc., 1938, $4.50. In this book the 
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early concept of the electron, the positive ray, ra- 
dioactivity, and X-rays are presented in an ffperi- 
mental and historical fashion. Special chapters an 
included for students desiring additional knowledge 
on nuclear structure. 

26. h’ncleor P h y h  Tables. by J. Mattauch, In- 
ter-science Publishers, IYJC., 1946, $10.20. Guide to 
study of original literature concerning nuclear phys- 
ics. 

27. Atomic Artillery and the Atomic Bmnb, by 
John Kelloek Robertson, D. Van Nostrand Co., 1945, 
$2.50. A revision of the author‘s “Atomic Artillery,’’ 
published in 1945. The purpose of this book is to 
explain, in language intelligible to a layman, the story 
of developments in one branch of modem physics. 

28. Infrodrcction to Atomic Physks, (Revised) 
by Henry Semat, Rinehart and Co.. Inc., 1948, $4.00. 
Revised edition brings data on the nudeus up to date, 
but book still represents the content of a I-semester 
course for students who have had 1 year of general 
college physics and calculus. 

Atomic Energy for Military Purgosss, by H. 
D. Smyth, Princeton UniverSity Press, 1947, $2.00. 
As a “report to the natiou“ the scientific and tech- 
nical developments in the United States since 1939, 

29. 
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culminating in the production of the atomic bomb, 
are given in this bo&. 

30. Thr “Porticlts” of Modern Physics, by J. D. 
Stranathan. The Blakiston Company, 1942, $4.00. 
Many of the essential fundamental foncepts of mod- 
ern physics, and the experimental foundation for 
these concepts arc emphasized in this book which is 
intended to serve also as 8 reference book for ad- 
vanced students. 

31. Applied Nuclror Physics, by Ernest Pollard, 
John Wiley & Sons, Inc., 1942, $3.00. While pri- 
marily a tat to be read for description and expla- 
nation, the hchnial aspect of nudear physics is em: 
phasized in this book. It is especially useful in the 
fields of artificial radioactivity and transmutation. 

32. Atomic E w g y  in the Cornkg Era, by David 
Dietz, Dodd, Mead and Company, 1945. $1.20. 
Problems of the atomic age discussed against the 
necessary background of information on which the 
reader may base his o m  conclusions. 

33. Outlines of Physical Chcmisfry, by F. H .  
Getman and F. Daniels, John Wiley & Sons, Inc., 
1943 (7 cd) $3.75. A techniea presentation of i 
general topics found in physical chemistry at the level E 

of upper college le~el of hemistry or chemical engi- 1 
1 neering. 
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APPENDIX I1 
VISUAL TRAINING AIDS 

The tm of visual .ids in short comocd is especially 
to be eaeounged. whue sucb .ids arc available, 
they should be wed to enrich the course and add 
interest. 

FILMS 
MISC I235 THE ATOM STRIKES 

Running time : 31 minutes 

This htn shows effects of atomk bomb explosion 
on the aties of Hiroshima and Nagasaki. There is 
an interview between an unseen questioner and a 
Jesuit priat  who w i t n d  the explosion at Hiro- 
shima He gives a vivid description of the explosion 
as seen from his monastery about 4 miles from 
zero point. 

ANSM-74 TALE OF T W O  CITIES 
Running time: 11 minutea 

A shorter version of MISC 1235. It shows the 
effects of the atomic bomb explosions on the cities of 
Hiroshima and Nagasaki in less detail. The effecis 
are limited to those recaved by stmctum and areas. 
The film has been used during the teaching of Ex- 
plosion Phenomena to show the direction and force 
of atomic blasts. 

ANSM-86 ATOMIC POWER 
Running time: 20 minutes 

A March of Time film that shows the events lead- 
ing to the first atomic bomb explosion. The peaple 
who were directly conoerned with the project have 
tenacted the important events in the development 
of the bomb. The film is excellent for an orienta- 
tion of atomic defense courses, but may have been 
seen by many people, as it was released some time 
ago to the general public 

EBF 370 ATOMIC ENERGY 
Running time: 15 minutes 

An especially good film to show m a few minutes, 
elementary atomic structure and energy release. 
Using animated drawings, the formation of helium 
from the hydrop atam, the rdatkmship between 
lar energy and atomic energy and the loss or gain 
of atomic energy are shown. 

MISC 1323 OPERATION CROSSROADS 

This is a color film of the two tests at Bikini. 
Some of the methods used in obsuving the of 
the blasts and in h.ndliog the m d i d v e  planer and 
ships arc shown. It includes excellent Views of 
the explosions of both bombs-air and water bursts 
--and the effects of the blasts on the target arrays. 

Running time : 30 minutes 

1 

MN 6664 PATHOLOGY 
Running time : 12 minutes 

Shows effects of radiation on the various organs 
and tissues of the body. Material photographed is 
from the autopsies on animals exposed in the Test 
Able and Test Baker at Bikini. The language is 
on the technical side. 

MISC 13% ' CROSSROADS-RADIOL,OC- 
ICAL SAFETY 
Running time : 27 minutes 

Shows the safay prccedures followed at Operation 
Crossroads. Monitoring procedures, use of instru- 
ments, htn badges, and health physics group in ac- 
tion are shown. Gllecting samples for laboratory 
analysis is also shown. 

INSIDE THE ATOM 
Running time: 12 minutes 

National Film 
1270 Avenue of AJII&QS 
New York, New York 

Released by the Sational Film Board of Canada, 
this is a documentary film showing the various phases 
of research work at the Chalk River Atomic Energy 
Plant in Ontario, Canada. 

ATOMIC PHYSICS 
Running time : I hr. 30 minutes 

British film produced by J. Arthur Rank Organiza- 
tion using animation, historid reconstruction, living 
speakers, original apparatus, and scenes of modem 
research. It falls natunlly into five parts which 
can be run as one 6Im. or separately. Part I-The 
Atomic Theory; Part 11-Rays from Atoms; Part 
111-The Nuclear Stmcture of the Atom ; Part IV- 
Atom Smashing: The discovery of the neutron; 
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Part V-Uranium Fission : Atomic Energy. The 
film ends with a valuable recapitulation of what 
has been shown and a word about the future which 
promiss so much if peace remains unbroken. 

THE ELECTRON 
Running time : 16 minutes 

Explains the nature of electrons, typa of electron 
flow, electromotive force, and magnetic fields. 

REPORT ON THE ATOM 
Running time : 25 minute 

The best available film on the future applications 
of atomic energy in a world at peace. The major 
emphasis is on the present program for harnessing 
the atom for research in industrial metallurgy, agri- 
culture, and medicine. Many interior scenes in the 
various AEC laboratories are depicted, thus afford- 
ing the public some much-needed impressions of the 
size and complexity of the Commission's research 
program. There is an important speech by Mr. 
Lillienthal on the dangers of over-enforcement of 
security, and the film ends on a hopeful note for the 
future of the atom's work for peace. 

Cornnet Films MATTER AND ENERGY 
207 Esst 37th Street Running time : 20 minutes 
New York, New York 

Discusses constitution of matter, physical and 
chemical change, and atomic energy. 

FILhf STRIPS 
Single Frame, 35 mm 

THE STORY OF THE 
Visual Sciences ATOMIC BOMB 
Box 261 73 frames 
Suffern. New York Past price: $3.00 
This is an excellently prepared series of 73 single 

frames, photographs, and diagrams and charts. It 
compares the steam, the electric, and the atomic 
power ages. It gives the description of the nuclear 
physics involved and also an historical background 
leading up to the dixovvy of fission. It shows in 
good visual style the ~ n ' o u s  physical laws involved 
and also includes several shots of the atom smash- 
ers. The last nine frames have been taken from the 
famous StnytA .Report. Highly recanmended as a 
single, well-planned, coverage of the history, develop 
ment, and subsequent utilization of atomic energy 
for both the bomb and power. Excellent for over- 
all presentation in a single film strip. 
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McGraw-Hill Book Co. CHEMISTRY 
330 W. 42nd Street 
New York IS, New York 

Nine film strips on the study of chemistry consti- 
tute this series of visual training aids, four of which 
are pertinent to a technical, though elementary un- 
derstanding of atomic energy and its uses. The 
level is out of senior high school chemistry or fresh- 
man college chemistry. The four filmstrips which 
may be purrhased individually at $5.50 each, arc- 

Filmstrip 1-Th Kinetic Molecular T h e o r p  

PruKnts the laws of gases and shows the 
numerous applications and phenomena ex- 
plained by these laws. 

Reviews the masons that led to the develop 
ment of the theory and its use in explaining 
many of the mmmon basic laws of chemis- 

59 frames 

Filmstrip 2-The A t m k  Theory45 frames 

try. 
Filmstrip 5-Ths Structure of the A r m 4 9  

Develops the cmcept of atomic structure, 
gained fmm X-ray study, molecular crys- 
tal examination and bombardmg atoms by 
means of "atom smashers." Identifies the 
electron, proton, neutron, and explains iso- 
topes, ionization and chemical reactions. 

Reviews earliest grouping of the chemical 
elements and develops the present periodic 
table. Shows the interrelationship among 
the elements in the various grouping. 

fames 

Filmstrip 9 - T k  Periodic Tobfr-50 frames 

LANTERN SLIDES 
Keystone View Company ATOMS A N D  
Meadville, Pa. ATOMIC ENERGY 

This Wries of standard 4" X 5" lantern slides con- 
sists of 5 units of 12 slides each, including an excellent 
teacher's manual with suggestions and test questions. 
A unit may be purchased separately at $7.20 per 
unit. The unit titles arc- 

g, " 

Unit I-The Idea of the Aoms. 
Unit 2-AtOnrt. Isotopes, and RadwactiViiy. 
Umt L T h r  S w h i n g  of the A t m .  
Unit 4-AfonrpFrm Mass A d y &  to Mass 

Produrtiorr. 
Unit LAkunogordo to Bikini and Things to 

COW. 
An outstanding series of slides, well planned and 
clearly presented in pictorial form. The level is that 
of senior year high school or college freshman. 

.. 
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APPENDIX I11 
GLOSSARY OF COMMON RADIOLOGICAL TERMS - 

Abrar~tion coefuient-Fractional decrease in intens- 
ity of a beam of ladiation per unit thickness (li- 
ear abmption &ent). per unit volume (mass 
absorption coefficient), or per atom (atomic ab- 
mrpth d a m t )  of absorber. 

A- mmgy-Tk energy neassary to cause 8 
partkuh d o n  to begin. Nurlew: The 
amount of outside energy which must be added to 
a nudeus before a particular nuclear r e i o n  will 
begin. Chemical : The amount of outside energy 
ncrrssary to activate an atom or molecule so as to 
cause it to react chemically. 

Alpha  tick-A helium nucleus, consisting of two 
protons and two neutrons, with a double positive 
charge. Its mass is 4.002764 mu (mass units). 

Alpha my-Stream of fast-moving helium nuclei; a 
strongly ionizing and weakly pe t ra t ing  radiition. 

Amplifiation-As related to detection instruments, 
the pmess (either gas, eleetmnic, or both) by 
whicb ionization &e& are magnified to a degree 
suitnMe for their measurement. 

Anode-Positive electrode; electrode to which nega- 
tive ions are attracted. 

Atom-Smallest particle of an element which is cap- 
able of entering into a chemical reaction. 

Atomic nunrbrr-Number of protons in the nucleus, . hence the number of positive charges on the nu- 
cleus. Also the number of electrons outside 
the nucleus of a neutral atom. Symbol : 2. 

Atom2 w+M-Relative weight of the atom of an 
element compared with the weight of one atom of 
oxygen taken at 16; hence, a multiple of 1 the 

weight of an atom of oxygen. 
Atomic It'mfme-Warfare involving the employment 

of atomic weapons. 
Afomic Weapon-A weapon, either explosive or 

nonarplosivc, employing nuclear energy. 
.4vdonrhe-Process in which OM electron pro- 

duea a large number of a d d i t i d  free electrons 
by coUisioa 

Avogadro's Imu--Hypothesis that qual volumes of 
all gases at the same pressure and temperature 
contain qual numbers of moldes .  Hence, the 
number of molccuks contained in 1 em' of any gas 
under standard conditions is a universal constant. 

- 
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Avogadro's numbe-Number of mokculu in 
gram-molecular might of any subsbna (6.03 x 
10. molecules); also, the number of atoms in a 
gram-atomic weight of any element. 

Backgrmnd counting rate-& of radiation muat- 
ingdac to cosmic rays, to radioactive matcrirt in 
the vicinity, mnd to a slight r a d i i  eootamiru- 
tion of the l l w u i a l s  of which the instmalt is 
made 

Buckscattm+-Proces of multiple scattering of ra- 
dioaaive partidu from radioDctivc samples 
mounted on or near other matter. This results in 
additional particles entering a detector. Comc 
tions for this &cct may be made for each geometry 
factor used. 

Beta polrictr--Charged particle emitted from the mt- 
cleus and having a mass and charge qual in mag- 
nitude to thosc of the electron. 

Beta ray-A stream of beta particles, more pmetnt- 
ingbut less ionizing than alpha rays; a rtrepni af 
lligh-spesdeleetraur. 

Binding enrrgy-Tlx energy represented by the dif- 
ference in mass between the sum of the component 
parts and the actual mass of the nucleus. 

Cdo&-hount of heat necessary to raise the tem- 
perature of 1 gm of water 1'C. (from 14.5'C. to 
15.5OC). Abrev: cal 

Cathode-Negative electrode; electrode to which 
positive ions are attracted. 

Cotion--PositivJy charged ion. 
Chain reoction-Any chemical or nuclear process in 

which some of the products of the process are in- 
strumental in the continuation or magnification of 
the process. 

Coincidence corrcction-Correction of the observed 
counting to indicate the true counting rate, made 
necessary h u s e  counters have an insensitive 
t imc Somaimes called coincidence loss cmec- 
tiorr. 

Consnvdion of marr-enngy--Energy and mass arc 
interchangeable in accordance with the equation 
E = d, where E is energy, m is mass, and c is 
velocity of light. 

Coulomb's fav af electrostatic charges-The fom of 
attraction or repulsion exerted ktwea two els- 
trostatk charges Q, and Q. a distance s apart 
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scpratd by a medium of dielectric value E is 
given by the quation : 

QQ 
F=- 

E s' 
Cowttkg rOt#VOhg# characteristic-The counting 
rate of a radiation counter tube as a function of 
o p e d u g  voltage for a given foast.nt intensity 
of radirtioa 

C d a l  +For a fissionable materia, the mini- 
mum .mollllt of a material which nil support a 
chain d o n .  

Cross ssrtiOn (nuclrar)-Area subtended by an atom 
or mdentle for the probability of a reaction. 

Curie-Standard measure of rate of radioactivity de- 
cay; 3.7 X lo" disintegrations/sec 

Dud riw-Time interval, after r&g a count, 
during which the counter tube and its circuit are 
completely insensitive and do not de- other 
ionizing events. 

Decay-Disintegration of the nucleus of an unstable 
element by the spontaneous emission of charged 
particles and/or photons. 

Decay time-see Mf-life. 
Decay cum#-Graph relating decay rate (counts per 

unit time) of a radioactive sample to time. 
Demitonufer-Instrument utilizing the photoelectric 

principle to determine the degree of opacity of de- 
vel@ photographic film. 

Deufm'um-A heavy isotope of hydrogen having one 
proton and One neutron in the nudeus. Symbol : 
D o r N  

Deuteron-Nucleus of a deuterium atom, contain- 
ing one proton and m e  neutron. 

Du.rinwfer-Instrument used to deted and measure 
an accumulated dosage of radiation. 

Dyw-Unit of force, which, when acting u p  a mass 
of 1 gm, will produce an acceleration of 1 cm/ sec'. 

Efiiency of a radiorion counter tube-Probability 
that a count will take place when the radiation to be 
detected enters the effective volume of the counter 
tube. 

Electrode-Either terminal of an electric source. 
Elecfronwter-Electrostatic instrument for measur- 

ing the difference in potential between two points. 

charged electrodes resulting from icmization pro- 
duced by radiation. 

Elecfron-Negntively charged partide which is a 
constituent of every atom. Unit of negative elec- 
tricity qua l  to 4.80 x lo-" esu. Its mass is 
O.ooO548 mu. 

used to mtlsure change of electric potential of 

Electron volt-Amount of energy gained by an elec- 
tron in passing through a potential difference of 1 
volt. Abbrev: ev 

Ekcfroscope-Instrument for detecting the presence 
of electric charges by the divergence of charged 
bodies (usually gold leaves). 

Elecfrodatic field-% region surrounding an elec- 
tric charge in which another electric charge ex- 
periences a force. 

Electrostatic unit of charge (statcoulomb)-That 
quantity of electric charge which, when p l w d  in 
a vacuum 1 an distant from an e q d  and like 
charge, will repel it with a force of 1 dyne. 

Element-Pure substance consisting of atoms of the 
same atomic numbs, which cannot bc subdivided 
by ordinary chemical change. 

Endoergic reactwk-Reaction which absorbs energy. 
Energy-Capacity for doing work. Potential energy 

is the energy inherent in a mass k u s e  of its posi- 
tion with reference to other masses. Kinetic en- 
ergy is the energy possessed by a mass because of 
its motion ; cgs units : 

Erg-Unit of work done by a force of 1 dyne acting 
through a distance of 1 an. Unit of energy which 
can exert a force of 1 dyne through a distance of 
1 cm ; cgs units : dyne- or gm-cm'/sec' 

Exoergic reaction-Reaction which l i h t e s  energy. 
Film badge-Small piece of X-ray or similar photo- 

graphic film enclosed in a lightproof paper usually 
crossed by lead or cadmium strips, carried by a 
person, in a small metal or plastic frame. The 
badge is used to determine the amount of radiation 
to which an individual is exposed. 

gm-cm'/sec' or erg 

Fission-See Nuclear fission. 
Fission products-Elements and/or panicles pro- 

duced by fission. 
Force-The push or pull which tends to impart mo- 

tion to a body at rest, or to increase or diminish the 
speed or change the direction of a body already in 
motion. 

0 

Fusion-See nucleor fusion. 
Garnilla ray-High-frequency electronqnetic radia- 

tion with a range of wave length from lo-' to 
lo-" em, emitted from the nucleus. 

Gas amplification-Ration of the charge collected to 
the charge produced by the initial ionizing event. 

Geiger-MueUer (C-M) counter-Highly sensitive gas 
filled radiation-measuring device which operates at 
voltages above the Geiger threshold and below 
voltages at which complete gaseous breakdown 
would occur. 
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Geiger rrp'orr-vottage interval in which the charge 
transferred per isolated count is indcpndmt of the 
charge produced by the initial ionizing event. 

Geiger thresbdd-Lowest voltage at which all pulses 
produced by an ionizing ermt are the same size 
regardless of the energy of the initial ionizing 
radiation. 

Geaatry frrcfor-Tk frpction of the total solid angk 
about the solute of rpdiptioa that is subtended by 
the detector. 

Grakcmr's lorr--Tht relative rates of difiusion of gases 
under the same conditiata are inversely ptopor- 
ti4 to the square roots of the densities of the 
gaw. 

Grm*kztion-Universal force of attmction misting 
between all material bodies. 

Hdf-lije-Time required for a r a d i d v e  substance 
to 105e 50 percent of its activity by decay. 

Hdf thickness--Thidmnrs of absorbing material 
necessary to reduce the intensity of radiition by 
one-half. 

Heavy wter-Popular name for water which is m- 
posed of two atoms of deuterium and one atom of 
axygen. 

Hydro afom-Thc atom of lightest and simplest 
atomic and nuclear stmcturc, consisting of one pro- 
ton with one orbital electron. Its mass is l.oOS123 
mu. 

Induced R a d i o a c ~ A r t i f i d  radioactivity which 
may be produced in certain elements as the result 
of the capture of neutrons by these elements. 

Initial ionking mat-Ionizing evmt which initiated 
a count. 

Integrating circw't-Electronic circuit which r d s ,  
at any time, an average value for the number bf 
events occurring per unit time; or an electrical cir- 
cuit which records total number of ions collected in 
-a given time. 

Intensity of radiotios-Amount of radiant energy 
emitted in a specified direction per unit time and 
per unit surface area. 

Ion-.4tomic particle, atom, or chemical radical 
(group of chemically combined atoms) bearing an 
electrical charge, either positive or negative, caused 
by an excess or deficiency of electrons. 

Ion cbamber-Gmtaim of gas in which an electric 
field exists because of a system of charged elec- 
trodes. 

Ioniaafioii-.4ct or result of any process by which a 
neutral atom or molecule acquires either a positive 
or a negative charge. 

I o n h t h  potmti&-Thc potential n c c u s y  to ~p 
amte m electno from an atom with the formation 
of an im with m dmnntary char@. 

Ionisins went-- in which au ion ia produced. 
Isoburs-Elemm~ bpving the same mass number 

but dieumt atamic numbers. 
Isotope--One of two or more forms of an ekment 
having the same atomic number (nuclear charge) 
and heacc the aplhe position in the 
period* tabk. M isotopes ut identical in chem- 
ical behavior, bat ut distinguishable by rmpll dif- 
ferences in lfanic might. The nuclei of dl 
isotopes of a givm dement have the same number 
of protons but di&r in the number of nwtrons. 

Magnetic freZd-Tbe region surrounding a magnetic 
pole in which another magnetic pole orpcrience~ a 
force. 

Moss-Quanti~ of matter. 
Mass number-The number of nudeon, in the 
nucleus of an atom. 
Symbol: A 

Mass unit-Unit of mass based upon 1 the weight of 

Ab- 
brev: mu 

Mean free pork of a ~IecUle -Avmge  distance 
which a mokde moves between collisions. Ab- 
brev: MFP 

Meson-Short-lived particle carrying a positive or 
negative charge or no charge and having a variable 

Also 
called mesotma 

- 
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an oxygen atom (W) taken os 1 6 . m .  

mass in multiplesofthe mass of the electron. 

Mesotron-See mesm. 
Mefattable stats-h excited state of a nucleus which 

return to the ground state by the emission of a 
gamma ray o v a  a measurable half-life. 

Mer-Abbreviation for million electron volts. See 
elcctron volt. 

.Volecsle-Ultimate unit quantity of a compound 
which can exist by itself and retain all the prop- 
erties of the 0r;S;lal substance. 

Molecular w&kf-Sum of the atomic weights of all 
the atoms in a mokcule. 

Monitming, a&@obDetermination of the or- 
istence and the intensity of radiation p-t in a 
given object or area 

Neutron-Elementary nuclear particle with a mass 
approximately the same as that of a hydrogen atom 
and elcctricaUy neutral ; a constituent of the atomic 
nucleus. Its mass is 1.00893 mu. 
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Newton's laws of morion-1. Every body continues 
in its state of rest or of uniform motion in a 
stmight l i i  except insofar as it may be mpelled 
to change that state by the action of some out- 
side force. 2. An unbalanced force acting upon 
a body causes the body to accelerate in the d i m  
tion in which the force is applied, and the accelera- 
tion is directly proportional to the magnitude of 
the unbalanced force and inversely proportional 
to thc mass of the body. 3. For every action 
there is an equal and oppsite reaction. 

Nonself-quenching counfer f u b 4 u n t m  tube which 
requiru the use of a quenching circuit to terminate 
the discharge. 

Nonmlised plateau slope-Slope of the substantially 
straight portion of the counting rate-voltage char- 
acteristic expressed as a ratio of the percentage 
change in counting rate near the midpoint of the 
plateau to the percentage change in operating volt- 
age 

Nuclear j5rsion-A special type of nudear transfor- 
mation characterized by the splitting of a nucleus 
into at least two other nuclei and the release of a 
relatively large amount of energy. 

Nnclew fnsion-Aa of coalescing two or more nu- 
&. 

Nncleon4ommon name for the constituent parts 
of the nucleus. At present applied to protons and 
neutrons, but will include any other particle found 
to exist m the nucleus. 

Nucleon number-The number of nucleons in the 
nudeus of an a t m .  Identical with the mass 
number of A number. 

Nurkw-Heavy central part of an atom in which 
most of the mass and the total positive electric 
charge are concentrated. The charge of the nu- 
cleus, an integral multiple (2) of the charge of 
the proton, is the essential factor which distin- 
guishes one element from another. Z is the atomic 
number. 

Nurlidr-.4 general term referring to all nuclear 
species-both stable (about 270) and unstable 
(about 500--of the chemical elements as distin- 
guished from the two or more nuclear species of a 
single chemical element which are falled isotopes. 

Opnufing vohge-Voltage across a radiation 
counter tube in the quiescent state. 

Pocking fraction-Difference between the atomic 
weight in mass units and the mass number of an 
element divided by the mass number and multi- 
plied by l0,ooO. It indicates nuclear stability. 
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The smaller packing fraction, the more stable the 
element. 

Phofoelrcfric rflecf-The process by which a photon 
ejects an electron from its atom. All the energy 
of the photon is absorbed in ejcctiag the electron 
and in imparting kinetic energy to it. 

Photo dosimefryDetwnination of the accumulative 
dosage of radiation by use of photographic film. 

Photon-A quantity of energy emitted in the form 
of electromagnetic radiation whose value is the 
product of ita frequency and Planck's constant. 

Planck's consfmf-A natural constant of pmportkm- 
ality h relating the frequency of a quantum of en- 
ergy to the total energy of the quantum: 

h = - = 6.6 x 10" erg-sec 

. 

Theequationis: E = h v  3 

1 

E 

V i 

i Plafeuu-Approximately horizontal portion of the 
counting rate-voltage characteristic of a radiation 
counter tube. Voltage range throughout which 
any ionizing event, regardless of t?pe or energy, 
will give the same size pulse. 

Positron-Nuclear particle equal in mass to the elcc- 
tron and having an equal but opposite charge. Its 
mass is O.OOO548 mu. 

Pofenticrl diference-Difference in potential between 
any two points in a circuit ; work required to carry 
a unit positive charge from one point to another. 

Power-Time rate of doing work; time rate of a- 
penditure of energy; cgs unit: gm-cm'/re~' 

Presswe-Perpendicular component of fora  applied 
to a unit area; total force divided by total area; 
cgs unit : dyne/cm* 

Primary electron-The electron ejected from an atom 
by an initial ionizing event, as caused by a photon 
or beta particle. 

Proportbnnl Counfer-Gas-filled radiation detection 
tubc in which the pulse produced is proportional to 
the number of ions formed in the gas by the pri- 
mary ionizing particle. 

Proporfiond region-Voltage range in which the gas 
amplification is greater than one and in which the 
charge collected is proportional to the charge pro- 
duced by the initial ionizing event. 

Profon-Nuclear particle with a positive electric 
charge qua l  numerically to the charge of the elm- 
tron and a mass of 1.007575 mu. 

Quantum-A d i m &  quantity of energy qual to the 
product of its frequency and Planck's constant. 
The equation is: E = hv 

. 
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Quantum level-An energy level of an electron, dis- 
tinct from any other of its energy levels by discrete 
quantities dependent upon Planck's constant. 

Quanlum number-One of a set of integral or half- 
integral numbers, one for each degree of freedom. 
which determine the state of an atomic system in 
terms of constants of nature. 

Quantum rtafh-See quantum level. 
Quantum fhrory--Concept that energy is radiated in- 

termittently in units of detinite magnitude called 
quanfa. 

Quenching-Process of terminating the discharge in 
a countm tube. 

Qurncking circuif-Circuit which causes the dis- 

Quenrhing vapor-Polyatomic gas used in Geiger- 
Mueller counters to quench or extinguish a pulse, 
thus eliminating the need for an external quenching 
resistor of an electronic circuit. The quenching 
action of vapor results from iu abdorption of ultra- 
violet photons emitted by excited atoms and pre- 
ventr emission of secondary electrons when ions 
reach the cathode. 

Radkfion-I. Any electromagnetic wave (quantum). 
2. Any moving electron or n u d a r  portide, 
charged or uncharged, emitted by a radioactive 
SUbstUKc 

RadiaoClivitpProcess whereby certain atoms un- 
&go spontaneous atomic disintegration in which 
energy is liberated, generally resulting in the 
formation of new nuclides. The process is ac- 
companied by the emission of one or more types of 
radiiion, such as alpha prtides, beta particles, and 
gamnu radiation. 

Radiologicd Defense-Protective measures to mini- 
mize personnel and material damage from radio- 
activity. This definition is interpreted to indude 
measurs such as : Training, organization, and dis- 
tribution of personnel ; development, provision, and 
maintenance of fixed and portable structures and 
quipment ; u x  of detecting equipment ; protection 
or removal of exposed personnel, and decontamina- 
tion of personnel, equipment. structures, or terrain. 

Rodiologicd monitm'n@-See monitoring, radio- 
logird. 

Radiologicd Wwfara-Radiological warfare is dc 
scribed as the offensive and defensive usc of radio- 
activity in warfare. The offensive phase includes 
the w of radioactive materials and atomic bombs 
when uxd primarily for their radioactive effect. 

charge to ccase. 

It also includes the secondary radioactive effect of 
atomic bombs used primarily as blast or incendiary 
weapons. The defensive phase of radiological war- 
fare encompasses the field of Radiological Defense. 

Radiologicd Weapos-An atomic weapon in which 
radioactive substances are employed primarily to 
create hazards by utilizing radiation to injure en- 
emy personnel or to contaminate material. 

Rate meler-See infegrafing circuit. 

Reaction-Any process involving a chemical or 
nuclear change. 

Recowry he-Time interval, after a count record- 
ing, before the pulses produced by the next ionizing 
event in the counter are of substantially full size. 

Refafive plateau dope-The relative increase in the 
number of counts as a function of voltage =pressed 
in percentage per 100 volts incsusc above the 
Geiger threshold. 

Resistance-The opposition offered by a conductor 
to the pasrage of electric current through it. Prop 
erty of a conductor, depending on its dimensions, 
material, and temperature. which determines the 
magnitude of the current produced by a given dif- 
ference in potential. The practical unit of mist- 
ance is the ohm. 

Resolering firw-lvfinimum time interval betwm 
counts which can be detected. It may refer to an 
electronic circuit, a mechanical recording dmke, 
or a counter tube 

R o e n f g q u a n t i t y  of X or y radiation which 
produces 1 esu of positive or negative elm- 

. triaty/cm' of air at standard temperature and pres- 
sure or 2.083 X 10' ion pairs/an' of dry air. 

Rufkerford-Unit of radioactive disintegration rate 
equal to one million (10') disintegrations per sec- 
ond. Abbrev: rd 

Secondary elecfron-An electron ejected from an 
atom by the primary electron or by another sec- 
ondary electron already ejected. 

Self~sorption-Abso~tion of radiation by the 
source material itself. 

Self-quenching counter tubcCounter tube in which 
the discharge is terminated by an internal mechan- 
ism with the tube. 

Spurious t o u n t 4 o u n t  caused by an agency other 
than the radiation which it is desired to detect. 

Shztroulomb-See electrostatic unit of charge 
Unfisioned Matwid-Fissionable material which 
has not undergone fission. In the instance of an 
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atomic bomb explosion, unfissioaed material con- 
sists of that portion of the original bomb mterial 
which did not enter into the nuclear reaction. Un- 

Work-The transfer of energy by the application of 
a force through a distaace. Product of a force and 
the distance through which it moves; cgs unit : 

fmioned material is an alpha particle mitter. gra-an'/sec' Q '  
electrode system of a counter tub. formed in a fission rraetiop1. .a ~ 

Volfagr pdsr-Chaage in the v o l w  of the central . Yield, Jksion-The pcrceatage of a given isotope 
"11 

I* 

% 

* ;. 9 

s ..: .-* 
:7 

110 



APPENDIX IV 
MISCEUANEOUS TABLES AND GRAPHS 

T&k YIX. 
TABLE O F  SOME COMMON R A D I O L O B I C A L  QUANTITIES AND CONSTANTS 

Angstrom u n i t  

Avogadror r  nrmbor 

Brl tl rh thOrD.1 u n l  t 

Calor10 

Centimeter 

C u r l e  

E l e c t r o n ,  c h a r g e  

E l e c t r o n ,  v o l t  

En.erpy e q u i v a l e n t  o f  mass  
o f  u n i t  a t O D l C  r e l g h t  

Gran 

Btu - 262 0.1 - 778 It-lb 

1,066 jDUl0. - 2.98 X 10'' k-hr 

o a l  - 0.00387 Btu 

4.2 jDUlOB - 1-10 X lo-' k-r 

cm - 108 i - 0.3937 in. 
= 10' microns 

- 3.7 x 10" .aieintegrations/seo 

e - 4.80 x statcoulomb or e m  

= 1.00 x lo-'' Bbcoulomb or emu 

= 1.80 X TO-'* ooulomb 

-19 ev I 1.8 x v10 erg 

= 1.0 x 10- joule 

- 7.37 X loa It-lb - 10- joule 

gm = 8 . a  x 10' MeV 
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II o r 8 a po,wa r 

Joule 

N l 8 l  O f  

a l p h a  p a r t i c l e  

e l e c t r o n  ( r e s t  mais )  

I +  atom 

nautron 

m ro ton 

h a i  m l t  

? I  anck c o n i t i n  t 

loon tpan 

- 146 w a t t .  - 8.48 x 10" Etu 

= 2.76 X 10- kw-hr 

mu = 1.880 x 10"' gm 

= gal M s r  

= 1.49 x io-' arg 





- 
horgy of Photon 

Frawenoy Wave Length (oroie./ss 0) 

- 10- - - 3 x lo-'! - - - 
- 10- - - 3 x 10-i; - - 4.1 x 10' - - 6.6 x lo-' - 
- m.0 - -  a x l o - i  - -  4.1 x 10' - 6.6 X lo7 - - 10'0 - - 0.32 - -  
- lo- - -  31 - 10%' - -  & - -  
- - -  aooi - -  - - lo" - -  - -  

- lo- _ -  
- 10'. - - ,  - m'1 - -  
- 10'0 - - 3 a  - -  4.1 x 10- - - 

B o o r  - 4.1 x lo-' - - - lo* - lo* -- 
lo' 4.1 x 10- - - 

alootron volt. erg. 

4.1 x loB - 6.6 X lo-' - Coario 

Oarma 4.1 X loa - 6.6 x lo-' - 
4.1 x 10' - - 6.6 X 10- - 
4.1 x 10. - 6.6 X 10-e - 
4.1 X 10' - - 6.6 X lo-'' - 

6.6 X - 4.1 x 10 - 
6.6 x lo-'' - 

- ms' - -  3 x 10.1 - -  0.41 - -  6.6 X 10-l' - 
- -  4.1 x lo-' - - 6.6 X lo-'' - 
- -  4.1 x lo-' - - 6.6 X lo-" - 

4.1 X lo-' - - 6.6 X lo-'' - 
6.6 X lo-" - 
6.6 X lo-'" - 
6.6 X lO-" - 

- loe - -  m o m  - -  4.1 x 10- - - 6.6 x lo-'' - 
- *' --  3 h  - -  4.1 X IOyo - - 0 . 6  I: : 

6.6 X lo-" - 
-94 - 

- lo= - -  3 x lo-'; - -  - 
- 

- -  - 

Ultrariolst 

Vlaible 

Infrarbd 

- -  3 x 10.; 4.1 

=* 
.aoor - -  3 -  

- --  
4.1 X lo7 - - 6.6 x lo-'' - 4 -- 3 m  

3 Q m  4 
- -  - -  - Rad10 

1 1  - - 4.1 X 10 - -  90- -- - m' 
% 

Eleotrio - lo' - -  a o o h  4.1 X lo-' - - 6.6 X 10 
~ - -  
c 



Ma# x. 
ATONIC MASSES I N  MASS U I I T S  

Phyrlcal Seal. 

2 A 
No. Plemnt No. Mae. (mu) 

0 Neutron 
1 Proton 
1 Hydrogen 

1 Deuteron 
2 Npha 
2 Helium 

3 Lithium 

4 Berylllun 

6 Boron 

6 Carbon 

1 
1 
1 
2 
3 
2 
4 
8 
4 
6 
6 
6 
6 

8 
6 
7 
8 
9 
lo 
11 
9' 

10 
11 
12 
18 
10 
11 
12 
13 
14 
16 
12 
13 
14 
16 
16 
17 
14 
16 
16 
17 
18 
19 

'. 7 

~ 

-1 Eleotron 0 . o.oooM8 
i.oCBoa 
1.007676 
1. M)8128' 
2.014708. 
9.01702 
2.014174 
4.002764 
'5.017W8 
4.00390' 
6.0187 
6.020e 
6.013688 
6.Olt)W' 
7.0lB22' 
8.02602 
6.02l9 
7.01916 
8.o(M86 
9.0160a' 

10.01677 
11. 021788 
9.01620 

10.016lB8 
11.01284' 
12.0180 
13.0207=* 
10.02100 
11.01496 
12.00982= 
13.0(n618 
14.00167 
15.0166" 
12.0233. = 
13.00988 
14.00761* 
16.00489* 
16.00888 
17.014'* 

16.0078 
16.000000' 
17.00450' 
18.00480' 
19.0189' 

i4.oiai** 

a ' A  
No. P l laant  NO. U... (mu) 

9 Pluorfna 

10 Neon 

11 Bodium 

12 Magnesium 

18 Numlnum 

14 Silioon 

16 Phoephorua 

le Sulfur 

l e  
17 
18 
19 
20 

18 
19 
20 
21 
22 a 
81 
22 
2a 
24 
25 
22 
23 
a4 
26 
26 
el 
26 
26 
21 
28 
28 
30 
27 
28 
28 
30 
31 
92 
29 
30 
a1 
32 
33 

a i  

a i  
52 
33 
84 
36 

16.017s- 
1 7 . m 6  

0006 
19.00160. 
24.- 
2l.oosa== 
18.0114*' 
19.0QIBl 
18.99871= 
20.99908* 
21.99&cl* 
23.0018.. 
21.0086- 
21.99D8 
22.emlw - 
23.WI6 
U.OW7'.* 
22.OQ02- 
23.ooo8 
2a.9024' 
a4.9988= 
26.QWE8 
26.8DaB 
24. OOBl 
26.9020 
20.W90' 
m . m a  
=.-a 
29. 98548' 
28.9948 
27.9886. 
28.8888' 
29.9832= 
90.9862 
31.9849'* 
28.8019** 
28.0878 
ao.OBCB= 
3 1 . W  
ria.ssae=* 
ao. 9899- 
ai.98o89- 
32.W0O8 
33. w710' 
34.8788 
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2 A 
No. Blsmsnt No. Maas (mu) 

id Sulfur 
17 Chlorine 

18 Argon 

19 Potassium 

20 Calcium 

21 Scandium 

22 Titanium 

23 Vanadium 

24 Chromium 

25 Manganese 
28 Iron 

27 Cobalt 
28 Nickel 

28 Copper 

116 

36 35.818= 
33 92.9880" 
34 33.8801 
36 34.81887* 
36 36.9788 
37 36.97750' 
38 37.981 
3Q 98.8194*' 
36 34.9850" 
BB 36.8780. 
37 36.9777'- 

3Q 38.8166'* 
40 39.9753- 
41 40.9770 
37 36.9896'* 
88 37.8195'* 

40 38.9760= 
41 40.9738. 
40 38.9753- 

3g 37.814. 

a9 3 8 . ~ 7 4 7 ~  

42 4 i . m i i *  
a 42.~723. 

MI ~ ~ . w Q o Q * *  
MI 45 .wei -  

46 44.968 
45 44.9669' 

47 48.9647* 
48 47.9831. 
49 48.8646' 
60 4Q.W21* 
51 50.9687 
51 50.9677. 
52 51.85857" 
61 50.858 
52 61.953. 
53 52.958' 
64 53.960' 
66 64.957. 
64 63.957' 
66 66.9568' 
67 58.967* 
68 68.94' 
68 57.9594* 
60 S9.94Q68 
e1 e0.9537' 
82 61.9493' 
e 4  e 3 . w i  
e 3  62.967' 
e4  63.956 
e5 e4.955 

2 A 
No. Clement NO. Mass (mu) 

90 Zino 

31 Oallium 

32 aemanium 

33 Arsenio 
34 Selenium 

35 Bromine 

36 Krypton 

37 Rubidium 
98 Strontium 

38 Yttrium 
40 Zirconium 

41 Columbium 
42 Molybdenum 

43 Technetium 
44 Ruthenium 

45 Rhodium 
45 Pallsdium 

64 63.964' 
66 134.96854 
e6 136.054* 
e7 66.964. 
e8 6 7 . ~ 5 5 ~  
70 89.864. 
69 68.952* 
71 70.952' 
74 

76 74.934* 
78 77.998' 
80 79.942- 
79 78.929. 
81 80.830' 
78 77.946' 
82 81.939. 
84 83.838' 
88 85.939' 
85 
84 
88 
87 
88 
89 
90 
91 
92 
94 
98 
93 92.@28* 
94 93.Q46* 
95 94.946' 
96 95.944. 
97 96.946. 
98 97.943' 
100 99.945. 

98 95.945- 
98 97.943 
99 98.944' 
100 99.942 
101 100.946 
102 101.941 
103 102.941 
102 101.841' 
104 103.941. 
106 104.942' 
108 105.941* 
108 107.941- 
110 109.941' 
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2 A 
No. Element NO.  ass (mu) 

47 Bilver 

46 c.dmiur 

49 Indium 

60 Tin 

51 Antimony 

62 Tellurium 

53 Iodine 
6.4 Xenon 

66 Cesium 
W Barium 
67 Iunthanum 
68 Cerium 

69 Praseodymium 
Bo Neodymium 

81 Romatheum 
82 Samsrium 

83 Europium 

107 lCd.946* 
108 107.847 
109 108.944* 
100 
108 
110 
111 
112 
113 
114 
118 
113 
116 
116 114.940' 

117 116.937' 
118 iis.9ae' 

118 iw.ea7.  
119 118.938. 
la0 119.937' 
122 121.945. 
124 123.944. 
121 
128 
126 126.997. 
128 127.B36. 
127 128.933. 
129 128.848. 
132 131.946. 

138 la?.918* 
139 138.963. 
136 
128 
140 
142 
141 
145 144.862' 
148 145.962' 
148 147.882. 
150 149.964. 
147 
144 
147 
149 
150 
162 
164 
151 
153 

2 A 
No. 'Clement No. (mu) 

84 Oadolinium 164 l68.971* 
166 lM.071* 
168 166.912. 
161 1E%.978* 

1 0  169.914* 
180 'l67.W8* 

86 Terbium 169 
66 Dyspmmium 168 

1 0  
181 
182 
163 

87 Holmfum 
88 Erbium 

89 Thulium 
70 Ytterbium 

71 Luteoium 
72 Hafnium 

73 Tantalum 
74 Tungsten 
75 Rhenium 
76 Osmlum 

77 Iridium 

78 Platinum 

79 Oold 
80 Meroury 

184 
166 
182 
lf34 
180 

ld8 
170 
169 
108 
170 
171 
172 
178 
174 
178 
175 
174 
178 
177 
178 
179 
180 
181 
184 
187 
189 
190 
192 
191 
193 
194 
196 
186 
188 
197 
200 

* l67 

184.88. 

180.828. 
184.00. 
188.981* 
189.04. 
lea.030' 
182.04. 
191.040* 
1 e a . w .  
184.039. 
ie6.oa9* 
198.089* 
198.060* 
181.089. 
a00.028. 
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iHj No. Element No. Mae6 (mu) No. Element No. Mass (mu) 

I. % t  
ij! 

81 Thallium 203 203.060' 81 Protoaotinium 231 
206 206.060 82 Uranium 236 236.1183' 

82 Lead 204 204.000' 288 238.1204' 
206 248.060' 83 Neptunium 234 234.1110 ** 

I 

' I  207 207.060= 286 236.1187** 
208 208.060' 296 236.1158'' 
208 208.060' 237 237.1178 ** 83 Bismuth 

84 Polonium 210 288 238.11QQ*= 
86 Astatine 211 238 238.1222'. 

87 Franoium 223 239 238.1228'. 
88 Rbdium 226 226.10' 86 Amerioium 241 241.1289'. 
89 Aotinium 221 Q6 Curium 240 240.1%Q== 
80 Thorium 232 232.12. 242 242.1223" 

.% .' . 4 86 Radon 222 84 Plutonium 238 238.11Q7" !; 

234 234.1121 

* Mass of isotope nhich eribta in nature. 
** Maas oaloulated by means of atomio mbsS equation-not observed. 

'1 
' '  I 

i 
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C h a r t  o f  the Isotopes 

KEY I 

0 s t a b l e  isotope, <6$ sbundanoe 
0 s t a b l e  isotope, 6% t o  

s t a b l e  isotope, >a$ abundanoe 
0 rsdioaotive i sotope  

sbundsnoe 

P i w r  42. Nnhm Hoba d o .  
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THE ABSORPTION OF CHARGED PARTICLES IN MATTER-SHIELDING 
The graph, figure 45, give an interesting relation- 

ship between energy of charged Partjcles and their 
p e n h t i n g  or range in aluminum and air. The 
penetrating power of any charged particle is depend- 
ent upon the size of the particle, the substance it is 
moving in, and the initial energy of the particle. For 
example, it can be seen from the graphs that for the 
SMK initial energy the alpha particles penetrate thc 
least. while the beta partides, very much unallu than 
the alphas, penetrate the most in aluminum. The 
raage of deutuons and protons lies in ktwecn, aina 
their sire is intermediate between the alphas and 
bass. The greater the initial energy of the partide 

the greater the pmemtlon. Generally, the dcnrer the 
material, the less the penetration. 

It may k expected that a material which reduces 
the range of these radiations, in &et, x ~ e s  as a 
shield against the radiation; hence, the interest which 
the radiologicaI defense &a% has in the stopping 
power or absorption meRsjent of various substances. 
Figure 46 shows the absorption of gamma rays of dif- 
ferent initial energy by kad. EspeiauY important 
is the “total &a” me. 

A rather m y  method to determine the shielding 

rays when the activity, and working time are given, is 
possible by the use of table XI. 

thickness of Kvoal Common substances to g?mma 

I 

i 

Energy of particles in m w  



t -  

. >  i 

.:* ,. . ..; . :. . 
_. . 



TobIe XI.  Camnu-Ray S h i r k  Data 

Activ- Energy (MeV) 
ity . 0.2 0.5 0.8 1 1.5 2.0 2.5 3.0 6.0 

10mc - .W - .86 -1.02 - 1.05 - .83 - .01 - .39 - .13 - .23 
2Omc - .36 - .44 - .33 - .14 + .33 + .76 + 1.08 + 1.38 + 1.88 
50mc - .17 + .09 + .59 + 1.04 i- 1.82 + 2.55 + 2.95 + 3.30 + 3.58 

100ma - .03 + .33 +1.28 + 1.95 + 2.97 + 3.92 + 4.41 + 4.79 + 5.03 
200ma + .10 + .91 +1.97 + 2.85 + 4.11 + 5.27 + 5.84 + 8.28 + 6.47 
5OOmc + .30 +l.46 +2.89 + 4.04 + 5.81 + 7.08 + 7.78 + 8.22 + 8.38 

l o  +3.57 + 4.84 + 8.76 + 8.43 + 9.19 + 9.89 + 9.82 
2 c  + .M. +2.27 +4.27 + 5.84 + 7.87. + 9.78 +10.63 +11.18 +11.26 
6 0  + .76 +2.81 +5.19 + 7.03 + 9.39 +11.68 +12.54 +l3.12 +13.17 

100 + .89 +8.22 +5.87 + 7.94 +10.62 +12.94 +13.98 +14.59 4-14.60 
200 +1.03 +3.63 $8.57 + 8.84 +11.67 +14.31 +15.43 +16.08 +18.06 
600 +1.21 +4.17 +7.47 +10.02 +13.18 +18.09 +17.33 +18.02 +17.96 

1000 +1.36 +4.B +8.18 +10.93 +14.31 +17.48 +18.78 +19.61 +19.41 

+ .42 +1.88 

Danger 
-0 plU8 PlUS f iU8  PIUS PIUS plus plU8 PlUS d U 8  

2Ocm +.64 4-1.80 +3.22 $4.19 4-5.28 4-8.31 +8.70 $8.88 +8.70 
W c m  +.28 + .83 $1.39 +1.83 4-2.32 +2.78 +2.93 +3.00 +2.93 

l m  .00 .oo .oo .oo .oo .oo .00 .oo .oo 
6 m  --.a -1.90 -3.22 -4.19 -6.28 -6.31 -6.70 -8.86 -8.70 

10 m -.92 -2.71 -4.80 -5.98 -7.55 -9.02 -9.57 -9.80 -9.67 

2 m  --.a8 - .s -1.89 -1.83 -2.82 -2.76 -2.93 -3.00 -2.93 

1tir.day -.41 -1.22 -2.08 -2.89 -3.40 -4.08 -4.31 4 . 4 1  -4.31 
2 -.28 - .81 -1.37 -1.79 -2.26 -2.70 -2.87 -2.94 -2.87 
4 -.14 - .14 - .69 - .90 -1.14 -1.35 -1.44 -1.47 -1.44 
8 .OO .OO .oo .oo .oo .oo . 00 .00 .oo 
24 +.18 + .53 $1.10 4-1.17 4-1.48 4-1.76 4-1.87 +1.92 i-1.87 

~~ 

Abmbwtimea times times times timea times times times times 

Pb 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 . w  
Fe 4.75 2.88 2.11 1.75 1.51 1.53 1.53 1.M 1.77 
AI* 17.23 7.71 5.43 5.18 4.70 4.25 4.81 6.22 6.01 
RSO 36.00 17.80 12.50 11.16 9.93 10.00 11.20 12.35 14.13 - 

Or concrete. 



APPENDIX V 

Major C l ~ u r  d h i u m  Drposttt 
U~UWIUY COMPOBW about O.O001% of the euth’s cruet, but it occun very spar- 
bgiy in significant concentrations. There am five major c h  of uranium de- 
mit. which are b e i i  exploit4 now or will be exploitad in the futun:  . 

1. High-p.de pitchblende-radium depodtn [.ssrJring bettar than 1% uranium 
oxide (U&) in quantity worth mining] occurring u replacement bodies. Wbm 
oxidized, the ore eonaiscs of autunite, carnotite, and other oxidation products of 
pitchblende, many of which are brightly colored. The better known depodta 
of thin kind ue ELdodo in Canada; Bhinkolobwe in tho B e l g h  Congo (from 
both of which the United States obtains uranium); and Joach ima and other 
deposita in the Engebirge district of Czechdovakir and Garmany which, 
according to newspaper accounts, Russia in exploiting. Deposita of t h u  c h  
may contain a p p m h b l e  quantities of silver, copper, or mbalt. . 

2. Carnotite-type m d  rowelite-type v w d i u m - d a m  ores of the Colorado 
plateau. These c l w  related ore typed are appcusntlr important only in thir 
country, but a t  best they are quite inferior to the high-grade ores M a mume of 
uranium. These deposita occurring in ht-lying nandstonea are under active 
development as part of the commbion’s program. Ore acceptable at AEC om 
purchase depob contains a minimum ol 0.10% U,O,, and payment is made for 
vanadium (V&) content in a ratio not exceeding 10 part8 V&O, to m e  part U&. 
By-product uranium from privately owned vanadium  plant^ i i  dw, p u r o h d  by 
the commbioii. 

8. Gold-uranium ores of the Witwatenrand, South Africa. Public announce- 
ment has been made of the occurrence of uranium u s very minor constituent of 
the gold-bearing Witwatenrand conglomerate. Tbe prospect e x b b  of future by- 
product uranium from the great gold mining industry of the Union of South Mia. 
The commission, through the U. S. Geological Survey, haa been systematically 
examining all of the mill and smelter products in thii country to direover if *mi 
by-product possibilities e x i t  hen. 

C U d u m - b d a g  oil ohales and other &e mediments. It has long been 
known that certain oil shales and other marine sediments, including phosphatic 
beds, contain very small quantities of uranium. Sweden, for example, has  
announced that  she is building a amall atomic pile and intends to derive uranium 
from her oil shales to feed this pile. According to p u b k h d  statements Swedish 
shale deposit. containing many million8 of tons of ‘‘ore’’ run around 0.02% UsO,. 
(These =me geological formations extend northeastward up through Estonia and 
Leningrad.) By-product uranium from oil shale or phoaphate industries may play 
a part in the development of atomic energy in Merent  of the world. The 
AEC expects to exhaust every. pouibilitJ of tbir chamckv in the United 8tak. 

6. M h l l 6 a c o o r  other deposits. Pegmatites c o n h i n g  small amounta of 
pitchblende; pl.cus containing b little uranium‘ (generdly M thorianite) dong 
with monazite, and other ore typea of M yet minorimportance. 

U.S. Atomic Empu Commiuimr --From Q relcorc 
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APPENDIX V I  

FALLOUT 

When an atomic bomb uplodes the enonnow 
amount of heat generated causa a rapid rise of air. 
After the blast air rush- back into the point of a- 
ph ion  from every outward dircciion to take the 
place of tbe rapidly rising cloud of air. This rushing 
in of the air or inward wind d e s  hurricane 

If the bomb explodes near the ground the inward 
wind wil l pick up a large amount of dust from the 
earth's surface and carry it into the cloud which is 
rpdioactnc Here the minute particles of &ion 
products, unIissioned materials, and the artificially 
created radio d v e  substances attach themselves to 
the larger dust panicles brought up from the ground 
by the inward wind. 
As the upward rush of air subsides the a i -  

winds of the area tend to blow the doud column away. 
Also, the contaminated dust pettides begin to fall 
slowly to thc earth U s d y ,  we expect two different 

to fill at the m e  velocity, but the r&staux 
of air to d particles slows down the lighter cries 
more thm it das the heavier one. Thus, the heavier 
partides fall a little faster than do the lighter par- 
ticles, causing a spread of eantamiaation. This falling 
to the earth of the eontamiapted dust is often called 
"fan-out-" 

m 

AIR BURST 
It is to be noted that if the bomb explodes high 

in the air the inward wind toward the point of a c p b  
SMn docs not pick up much dust from the ground. 
Thus, the small radioactive partides in the doud 

have fewer larger putidea to attach thanrelvu to 
and art blown away, being scpttend o w  such a wide 
area that the concentration is n e g e b k .  

SUBSURFACE BURST 
A large quantii of debria and dust is canid up 

by a subsur$fe burst. Furthermorr, the column does 
not rise as high as does the elumn after other type 
bursts. Hence, serious contaminatim is ucpcctcd 
from fall-out after a subsurface burst. See figure 48. 

SURFACE BURST 

A considerable amount of dust, but less than for a 
subsurface burst, is picked up from the surface of the 
earth by the inward wind immediately after a surfpa 
burst. Fsu-oUt after a surface bursf will cam 
saious contaminntion. However, the fallout will be 
less serious than that of a subsurfo~e bunt: See * 49. 

At diffmnt altitudes, even the sa& locrlity, tbt 
dircctim of the wind Mers .  This change of wind 
direction encountered by the e particle wil l  am- 
plicate. slightly, the calculation or prediction of a fall- 
out area (ra 6g. 52). However, with the pm&r 
wind data which can be obtained from the Air 
W e a h  Service, a radiological dcfcnse o65ccr CPIL 
calculate fairly d y  the probable fall-out ara. 
Tbe method of making these plots now is being taught 
in the service schools which arc training oftj, to be- 
come radiological defense staff personnel. 

. .  
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Section I. INTRODUCTION 
measures must include the detection, isolation, and/or 
decontamination of areas and matirid contaminated 
with radioactive materials. 

e. The inability of the physical senses to detect 
the presence of nudear radiations and the casualty- 
producing effects of these radiations require that suit- 
able countermeasurer, including speda quipment 
and techniques. be devised to protect personnel and 
material against the hazards of radimctivity. 

8 
2 

l 
i 

1. General. a. The advent of the atomic bomb 
has introduced into military planning the problem of 
dealing with, and providing defense against, the radio- 
logid hazards produced by weapca~s of this type. 

b. While the atomic bomb is capable of producing 
heat and blast damage of unprecedented magnitude, 
its unique feature is the release of e n o m s  quan- 
tities of nuclear radiations in the form of gamma 
rays, neutrons, alpha psdcles, and beta particles at 
the instant of and subsequent to detonation. 

c. At the instant of detenation, the radiological 

‘how= Of MlooIlp and - mys by the 
aaleot explosion. Other nuclear radiations are 
emitted at this time, but are relatively unimportant in 
comparison with the neutrons and gamma rays. The, 
emission of neutrons ceases almost immediately fol- 

sequent to detonation is attributable to 

1 

2. De6nitiou. Radiologid defense is defined as 
the proteaive measMs - to mini-e personnel 

terpreted to include measures such es- 
~ Training, organiration, and dirtribtion of 

soMel, 
b. Development, provision and maintenance of I 

h e d  and portable structures and equipment. 

due ent idy to the Pe t ra t ing  and ,,,&,jCl damage from radioa&jty, and is in- 7 

lowing the aP1Osim, and the radiologiml hazard sub- 
t, ~ e l o p m c n t  of techniques and procedures in- 

the combined eluding use of detecting protection Or re- 
&& Of radioaaiviv produced the fission 
produds from the fission Of the o$ ap& personnel, and dKmbmin-&ion of 

stmUCtUres, or twain. A &os- 
bomb =teriaL the unfissioned material or bomb 

sary of to this is to ap i residue. and the radioactivity induced in certain mate- 
rials in or near the target area by the neutrons from 
the explosion. 3. Purpose of plan. The purpose of this plan 

Since the effective persistency of the radiation is to establish a radiologicnl defense organization 
hazards created by atomic weapons or radiological within the Department of the Army which will pro- 
weapons may range from fractions of a second to videfor- 
many years, depending upon the half-lives of the 0. The protection of Army personnel, units, and 
radioactive substances prcsent, ndiological defense establishments against the effects of radioactivity, and 

1s2 

A. 

d.  



the maintenance of the operational dciency of the 
Army in the presence of radiological hazards. 

b. The support of civil radiological defense eon- 
trol and qlief measures in accordnnce with the 
Amy’s  eatablirhed policies for providing assistance to 
civil authorities in connection with disaster relid 
operations. 

4. Scope of Plan. Consistat with the dehni- 
tion of ndiolcgical defense, this plan is concerned 
only with the Army-wide orgmization, training, and 

application, of countumwum required to miaimize 
personnel injury and matiriel damage which may re- 
sult from exposure to tsdiological hazards. No at- 
tempt is made in this plan to specify organh th ,  
responsibility, or operating procedures in the bmader 
field of atomic defenss of whicb radiological detaue 
is a part. Atomic defense will involve the coordiarted 
and usually simtiltanms application of counter- 
measures to mitigate the dects of blast, 6rc, and 
flood, as well as those of radioactivity, and is beyond 
theseopeofthisplpa 

Section II. RESPONSIBILITIES 
5. Command Responsibilities. The radio- of the A m y  agenda now performing similar func- 

tions within their established fields of resoonSibiliW. loeical dcfensc trainins of the unit and of the indi- 

6. Responsibilities of Department of the c. Fields of responsibility pertaining to research 
and development &tics in the field of radiological 
defense, and to the logistical support of the A m y  
radiological defauc program, wiU be determined and 
promulgated by the Assistant chief of Sta& W, 
Logistics, Gen+nl SW, United State Army. 

Army Agencies. u In the implementation of the 
A m y  radiologioll defense program, responsibility for 
operational control measures, training procedures, 
reseMh and development, and logistical support will 
be charged, wherever possible, to those Dqwtmmt 

Section UI. ORGANIZATIONAL STRUCTURE 
7. Basic Organhtional Policy. Theenemy 

employmatt’of atomic or radiological weapons may 
present a simultaneous need for many, or all of the 
countermeasures normally applied against other types 
of enany action. In view of this possibility, and in 
the interests of &ecting the maximum utilization of 
personnel and facilities, the Army organization for 
radiological defense will be included, whenrer p- 
sible, within the framework of existing organizations 
dealing with command, training, logistical support, 
and operational control measures designed to counter 
enemy action. 

8. Expansion of Gas Defense Organization 
to Inclnde Radiological Defense. The functions 
of the present Army organization desuibed in 
FM 21-40 for defense against chemical attack will be 
apanded to include radiological defense, thus pro- 
viding specially trained personnel at d l  levek of the 
military structure to assist and advise cortunanders in 
radiological defense planning and action. 

9. Radiological Defense Function of Chief, 
Chemical Corps. The Chief, Chemical Corps, as 

a technical staff affrcer of the DeparLmmt of the 
Army, will be the adviser to the Seurtiug of the 
Army, the Chief of SWT, and all elements of the 
Amy on all matt- pertaining to the non-medial 
aspects of radiological defense. In this connection, 
he will be responsible for preparing and promulgating 
training doctrine, ucept for hose phases of the pro- 
grsm which pertain essentially to the medical arpeas 
of radiological defense; conducting special service 
schools; and recummending Armywide technical in- 
spection of training in radiological defense. 

10. Echelons of Non-Medical Radiological 
Defense Duties This expansion of the functions 
of the existing chemical defense organilation will pro- 
vide for the delegation of radiological defense duties 
to staff chemical o3icers and unit gas persolmeel, 011 

indicated M o w  : 
u Sraff radi&&d dafase (s tat  chew 

(1) Fieid musks. At division and higher 
headquarters, radiological defense duties 
will be dekgated to the staR chemical oflicer 

15s 

ird o&ers). 



who will serve as the tcihnical adviser to 
the commander and stafF in such matters. 

(2) Snvice elements. At headquarters of all 
communications zone and zone of the in- 
terior service elements, radiological defense 
duties will be delegated to the stat7 chem- 
ical officer, who will serve as the technical 
adviser to the commander and staR in such 
matters. 

amps. -and stations, radiological defense 

iarl officer, who will sem as the technical 
adviser to the post commander in such 
matters. 

b. Unit radiological defmrs o&ws (unit ~ a r  of- 
@wJ). Below divisional level, radiologid defense 
duties will be performed by the unit gas officers. AS 
prescribed in FM 21-40, each combat or service 
brigade. regiment, battalion, company, or similar 
units, d have a minimum of one qualified unit 
radiological defense &cer (unit gas ol5ce.r). and a 
minimum of one qualified alternate, appointed from 
assigned p c r m e l  by the d t  commander. Addi- 
tid alternates will be appointed, whemm pos- 
sible, and all &ers so appointed will be quslified to 
perform thdr radiological defense duties by ewrple- 
tion of a prescribed course of training. 

Unit radwlogical defnrcs noncommishned of- 
f;cns (mi# gar noncommissioned o&s~J). Below 
d i v i s i d  I d ,  unit radiological defense nonenrunis- 
sioned 0-5 (unit gas noncommissioned officers) 
will assist unit radiological defense officers in per- 
forming radiological defense duties. As prescribed 
in FM 21-40, each combat or service brigade, regi- 
ment, battalion, company, or similar units, will have 
unit radiological defense noncommissioned officers 
(unit gas noncommissioned officers) appointed on 
the following basis, by the unit commander : 

(1) Brigade or similar unit. Minimum of one 
unit radiological defense noncommissioned 
officer (unit gas noncommissioned f icer ) .  

(2) Regiment or similor unit. Minimum of 
one unit radiological defense noncommis- 
sioned officer (unit gas noncommissioned 

(3) Bottdion or similar ut&. 'Minimum of 
one unit radiological defense noncommis- 
sioned officer (unit gas noncommissioned 
officer). 

(4) Company or similar unit. Minimum of 
two unit radiological defense noncommis- 

(3) Posts, ConCpJ, and JldOU.5. At posts, 

duties will be delegated to the p t  h- 

c, 

o l 5 C e r ) .  

1 a4 

sioncd officers (unit gas noncommissioned 
&cers). 

At least one alternate will be appointed for each unit 
radiological defense noncommissioned gfficer re- 
quired, and all appointaer will be qualied to perform 
their radiological defense duties by completion of a 
prescribed course of training. Unit radiological de- 
fense noncommissioned officers (unit gas uoncommis- 
sioned officers) will be selected from individuals of 
the first four &. 

11. Inueascd Fnnctions of Staff Chem- 
i a l  OlUcer. The prcsent job description covering 
the position of stat3 chemical officer (SSN 7314) will 
be expanded to include radiological defense functions. 
Unit gas officers and unit gas noncommissioned of- 
ficers will &om both chemical and radiological de- 
fense duties in addition to their primary duty assign- 
ments. 

12. Additional Radiological Defense Pod- 
tiona In addition to the radiological defense posi- 
tions enumerated in paragraph IO, which will evolve 
from the adoption of the present organization for de- 
fense against chemical attack, studies of the radio- 
logical defense requirements of the Army indicate an 
apparent n c d  for augmentation of this basic organi- 
zational structure. As a result of thw studies, the 
following additional types of radiological defense 
positions will be provided for iu the Army organira- 
tion : 

a Radiologkd defense engineers. These specially 
trained officers normally will be assigned to duty with 
the staff chemical sections of theater of operations 
headquarters, communications zone headquarters, and 
other major headquarters, on the basis of individ- 
ual requirements, and will serve as advisers and 
technical experts in all matters pertaining to the non- 
medical aspects of radiological defense. The position 
of radiological defense engineer will be a primary 
duty assignment, and will be filled by officers who 
have completed a prescribed course of postgraduate 
and field training. 

b. Rodiologicd defense medicd oficers. These 
specially trained officers normally will be assigned to 
duty with the stat3 medical sections of theater of 
operations headquarters, communications zone head- 
quarters, and other major headquarters, on the basis 
of individual requirements, and will serve as advis- 
ers in all matters pertaining to the medical aspects 
of radiological defense. The position of radiological 
defense medical officer will be a primary duty assign- 
ment, and will be filled by officers who have com- 
pleted a prescribed course of postgraduate training. 

>. . .. I 
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e. Rdidogicd drjenssr monifors. Trained en- 
listed penoanel will k required to assist unit radio- 
logjnl defew &cera and unit radiologid defense 
nooaxmnihed o&ers in performing instrument 
mrvega and obtaining radiological data in areas an- - or suspected of being contaminated with 
radhctive materials. Radiological defense monitors 
will perfom this duty in addition to their pr;muY 
duty aasigament~~ Each mht or service regiment, 
httdb, C O I I I ~ ~ ,  and similar units, will hplre n- 
diolDgiat defense monitm appointed by the unit 
d e r ,  on the foUowing W s  : 

Regiment or &n&w unit. Minimum of 
one radiological defense monitor. 

Battdion or Jimibr unit. Minimum of 
one radiological defense monitor. 

Company or similar unit. 
two radiologid defense monitors. 

Minimum of 

one alternate will be appointed for each 
radiological defense monitor required. Radiolcgial 
defense monitors will be ~Iectcd from individuals bc- 

form their duties by complctim of a prescribed 
coarsc of training. So far as prpaiCabk, all unit 
prmorinel will be trained in monitoring operations 
and techniques so as to insure the availability, at all 
timea, of individuals quaIi6ed to operate radiation 
detection instruments and devices in an emcrgency. 

low the first fourgndes, and will be qunlifird to pa- 

d. Radiologiral iwtmmmt rspakman. Organi- 

cal quipnmt will be performed by d o  repeirmen 
who have received instruction in the maintenance 
and npair of radiological detedon instruments. 
The chief signal officer will provide for the training 
of these repairmen, and also s i l l  prepare doctrine 
perta;ning to the maintenance of electronic radio- 
logical instruments utilized by all elements of the 
Army. Radiological instrument repairmen who 
have had this specialized training will be required 
at all echelons to perform organizational, field, and 
d q d  maintenance on radiation detection instru- 
ments and devices used by the Army. Certain 
pbpses of organizational maintenance including cali- 
bmtion of instruments and replacement of defective 
or worn out batterieo can be performed by radio- 
logid defense monitors, under the general super- 
vision of unit defense personnel. 

atid, field, and depot m a i n t w m  radiologi- 

e. Rodwlogkd & j ~ 8  rnrdifd b b ~ r & ~ y  of- 
fin. An MSC o&cr trained at tke portgrpdrutc 
level in radioshemistry, biology, bio-aasay, and al- 
lied d a t i o n  fields. Such officers w i U  supervise 
bio-assay laboratories. 

f. Radwlogud defense laborolory technician 
(mdicd). E n l i d  tshnidpa of the h y  Medi- 
cal service trained in the tshniqued peeuli.r to 
biological, radio-psspy labratoriu. 

g. Radioiogkd &feu8 laboratory t e h u h  
Inonmudkd). Enlisted technician arined in ra- 
diwhemistry analysis and radiitim mcuu-t. 

13. Agendm Req- Radiological De 
feose Trained Parsoonel. It is enviragcd that 
the following Depzrtment of the Army agencies re- 
sponsible for providing guidance with res* to 
organization, fcsezrdl and development, procure- 
ment and supply of equipment, preparation of train- 
ing material, development of operational techniques, 
and formulation of policy, will hve a requirement 
for personnel trained in naiologicpl defense mas- 
ures and techniques: 

a .Assistant Chief of Stafi, Gl, Personnel, Gen- 
eral SW, USA. 

b. Assistant Chid of St&, G2, 
General Staff, USA. 

r. Assistant Chief of Shff, 0 3 ,  Opmitions, Gar- 
eral SM, USA. 

d. Assistant Chief of Staff, G-4, Logistics, Gcn- 
eral St&. USA. 

6. O b ,  Chief, Army Field Form, 
f. ChcmicalCorps. 
g. Corps of Engineers. 
h. Military Police Corps. 

i. Army Medical Sen.ice. 
j .  Ordnance Corps. 
k. Quartermaster Corps. 

, 

1. Signal Corps. 
ni. Transporhtion Corps. 

14. Job Dcsuipt l~n~ of New Radfologiul 
Defenec Positloaa Proposed job descriptions 
summarizing the duties of each categwy of radiolog- 
ical defense pcrscnnef referred to in paragraph 10 
and 12. are attached as a p p n d i  C. 



Section IV. PERSONNEL REQUIREMENTS 

15. . . . . .  sonnel in addition to their primary duty assignments. 
The positions of radiological defense engineer, ra- 

16. E ~ ~ o O  Of Functions AS indicated diological defense d=~ de- 
in d o n  111 above, reqdrunents for radiologi- 
cal defense personnel other than radiological defense 
engineers, and radiological defense medical ofhcers, 
can be satisfied through the expansion of an exist- 

~og id  defmse dutits in the instance of the sa 
d-4 officer, a d  thm& the delegdtion of m- 

fense medical lnborptory radjoldeal defente 
laboratory tKhnich md rpdjological de- 
fense laboratory tachniaan (nonmedical), however, 

nel, an$ for the imlusion of thcse new military m u -  
pationd specidties in applieahle tables of organiu- 

jng  occupation^ specialty to include will constitute a repuimncnt for additional person- 1 

diological defense functions to certain unit per- tion and equipment. -. I 
L' 

Section V. TRAINING REQUIREMENTS 

17. Scope of Anny-Wide Training. Amy- 
wide training in radiological defense measures and 
techniques will indude training in mdividual, col- 
lective, and tactical protection; training in the medi- 
cal aspects of radiological defense; training in ra- 
diation detection instrument maintenance and re- 
pair; and the training of personnel in such other 
fields as may be found necessary to satisfy any 
special requirements of the radiological defense pro- 
gr-. 

18. Thoroughness of Training. To prove ef- 
fective, this training must be included in all individ- 
ual and unit training programs, integrated through- 
out the Army school system, and cmrdinated to the 
maximum extent possible with the courses of in- 
struction offered at comparable Navy and Air Force 
schools. 

19. Coverage of Radiological Defense 
Training. To satisfy these requirements, the train- 
ing of Army personnel in radiological defense meas- 
ures and techniques will range from the basic, non- 
technical indoctrination given to every individual. 
through the several levels of militaq technical train- 
ing required to qualify individuals who will fill op- 
erational positions in the radiological defense or- 
ganization, to the advanced or speeialited postgradu- 
ate training of radiological defense engineers and 
radiological defense medical ofiers. 

20. Implementation of Anny-Wide Train- 
ing Program. The Army-wide training program 
will be implemented by incorporating appropriate ra- 
diological defense instruction in all troop d i n g ,  
in the program of instruction for the Reserve Of- 
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ficers' Training Corps, and in the curricula of the 
United States Military Academy and the several 

b 
3 

special and general service schools; through the use 
of extension courses; and through the establish- 
ment of special COIUKS of instruction for radiologi- 

or postgraduate level, the training facilities pro- 

quired, by utilizing civilian educational institutions 

cal defense personnel. At the advanced education I 

vided by service schools will be augmented, as re- i 

and training agencies. E 3 

21. Extent of Training f o r  Army Medical 
Service Personnel. The radiological defense 
training of personnel of the Army Medical Service 
will parallel that p A d e d  for nonmedical personnel, 
and will range from basic indoctrination to a post- 
graduate level of instruction which will correspond 
to that provided for radiologid defense engineers. 

receive training corresponding to that given to staff 
radiologid defense officers and/or unit radiologi- 

pathological and clinical aspects of radiological nar- 
fare. The balance of Army hfedical Service per- 
sonnel will receive appropriate indoctrination in both 
the medical and nonmedical aspects of radiological 
defense. Such training will be as prescribed b? The 
Surgeon General. 

Insofar as practicable, all Medical Corps officers will 

cal defense officers, with supplemental training in the 

P 

.i 

ir 

3 
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22. Means of Training Reserve Compo- 
nents. The training of personnel in the Reserve 
components of the Army will be limited in general 
to the basic indoctrination and the military tech- 
nical training levels, and will be accomplished 
through the medium of extension courses, special 
short courses of instruction at special service 
schools, and the indoctrination material included in 



thc curricula of the associated courses offered by the 26. Additional Spcflaliat Training. It ir ex- 
special and general sentice schools. peacd that Department of the Army agencier 

chargd with specific responsibilities in the field of 
23. ._. , radiological defense will train personnel to satisfy 

their individual requirements for technical specialist 
24. . . .  in the m e  manner that they now train research 

and other specialist personnel witb reapect to their 
25. . . . presently established fields of rrspoplsibility- 

Seetion VI. LOGISTICAL REQUIREMENTS 

27. Requiremeni for Instruments and 
Equipment. while detailed speci6cations covering 
the quipnmt and supplies whjch will 'be needed 
to support the Army radiological defense organiza- 
tion have not yet been developed, a requirement is 
indicated for radiation detection instruments, and 
for certain general types of individual and col l~a~ve  
protective quipment. 

28. Instrumentation. u. Sice the physical 
senses u e  incapable of detecting the presence of even 
intense fields of ionizing radiation prior to the time 
that physicnl damage has been incurred by the in- 
dividual, the detection and measurement of nudear 
&ations is entirely dependent upon the pmper 
use of suitably designed i n s t m t s .  

b. The limited cxperienfe gained to date in the 
held use of radiation detection instruments indicates 
an injtial militsry rquirement for ( a )  an instrument 
which will provide an instantaneous reading of ra- 
diation intensity at a given point and will satisfy 
the need for a survey instrument to detect the pres- 
ence of, and measure the intensity of, radiation in 
areas contaminated with radioactive materials; and 
for ( b )  an instrument or device capable of register- 
ing the cumulative amount of radiation received dur- 
ing a given time interval and providing a mean5 
of determining the degree to which personnel have 
been exposed. In the interests of simplifying train- 
ing within the Armed Forces in the use of adia- 
tion detection instruments and providing for the 
interhgeability and efficient utilization of such 
equipment when required, the standardization of ra- 
diation detation instruments and devices will be 
effected on a joint Army-Navy-Air Force basis, in- 
sofar as possible. 

C. In view of the fact that the standardization 
of radiation detection instruments and devices for 
military UM has not been accomplished to date, this 

plan does not indude specific reconunmdoti.Ons rela- 
tive to T/O&E Pnowoncts of rueh equipmat. . . . 

29. Individual Protection. The seriousness 
of the internal radiation hazard, which mn result 
from the inhalation, ingestion, or injection of ra- 
dioactive particles into the blood stream through 
breaks in the skin, indicates a requirement for a 
protective mask which will prevent the inhalation 
of'such particles, and for some type of protective 
dothing which will protect the body from direct 
contamination with radioactive mattriolo. 

30. Collective Protection. 'A requirement is 
indicated for some type of collective protector aimilu 
to those now used for protedjoo against chanii 
agents, or some type of inclosed air conditbing sys- 
tem. for the protection of v ia l  htalhtions and 
underground shelters. Equipment of this trpc will 
k required to prevent the entry of airborne ra- 
dioactive materials into the ventihtjng systems of 
structures and installations which otherwise may 
furnish adequate protection against the etlects of 
atomic or radiological weapons. 

' 

31. Use of Available Gas Defense Equip- 
ment. Pending the further d e v c l q m t  of indi- 
vidual and collective protective equipment, gas 
masks, protective clothing, and assmiated items of 
available gas defense equipment will be utilized to 
satisfy radiological defense requirements. 

32. Responsibility for Procurement and 
Supply of Equipment. The prwrement and sup- 
ply to the Army of radiologid defense equipment 
and supplies win bo camed an under the general 
supervision of th Assistant Chief of St&, G-4, 
Logistics, Genual Staff, United States Army. and 
will be charged by the Assistant chief of Stafl, 
G-4, Logistics, to Army agencies currently per- 
forming similar functions within their established 
fields of responsibility. 
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Section VI1 RESEARCH AND DEVELOPMENT 
33. Rpgclurh and Development Rewrch United States Army, in coordination with the Armed 

and development wrtaining to radiologiCa defense Forces Special Weapons Project, and will be charged 
measures, equipment, and supplies, H i l l  be carried by the Assistant Chief of StaR, G-4, Logistics, to 
on under the general supervision of the Assistant Army agencks cumntly performing similar func- 
Chief of Staff, G-4, Logistics, General StaR, tions within their established fidds of responsibility. 

Section VlU. INTELLIGENCE 

34. Supervision of Intelligence on Foreign 

uation of information and mat&riel pertaining to 
foreign radiological measures, techniques, and cap- 
abilities, both &enrive and defensive, will be ear- 
ried on under the supervision of the Assistant chief 
of StaR, G-2, Intelligence, General Staff, United 
States Amy, and will be effective thmugh noma1 
intelligence channels. 

35. Respondbillty for TcchnIul Inklli- 
&dioiogi~~i &teria!. TIX 0011atim and 4- pace  on Fomipn M.tefiel. As prrscribed in 

FM 30-15, as amended, orders dc6ning the re- 
sponsibility for the deign of United States weapons 
and military equipment will govern the delineation of 
primary responsibility between the services for the 
production of 
of foreign mt.+iel. ~k having design re- 
'spongibility will coordinate with other senricer who 
may have procurement or operating rrsponsibility. 

1 
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APPENDIX A 

GLOSSARY OF TERMS 

I. Atonic wopon-A weapon, either rxplosive 

2. Radiologicd weapon-An atomic weapon in 

ily to create hsuds by utilizing radh&on to injure 
enemy penoanel or to contaminate material. 

3. Atomic uwfwe-Warfare involving the em- 
ployment of Dtomic weapons. 

4. Rad&logicd warfare-Wiolagid warfare is 
described as the offensive and defcrtrive use of ra- 
d i d *  m -re. The ~~Tensive phase includes 
the use of radioactive materials and atomic bombs 
when used primarily for their radioactive &e&. It 
also includes the secondary d o a c t i v e  &ect of 
atomic bombs used primarily a8 blast or incendiary 
weapons. The defensive phase of radiological war- 
fare e ~ o m p ~ s s c a  the field of radiological defense 

5. RadWIogicd defnrcr--ProtectiVe measures to 
minimire pusatnel and matirid dunage from ra- 
d&*. This definition i a  interpreted to indude 
measures such M: Training, organjzation, and dis- 
tribution of pasonnel; development, provision, and 
maintenance of 6xed and porta& structures and 
q u i p a t ;  use of detecting equipment; protection 
or ranowl of upoxd personnel, and decontamjna- 
tion of personnel, equipment, structures, or terrain. 

6. Alkh  (a) particle-A positively charged nu- 
dear putidc emitted by certain natunlly radioactive 
sub- such as radium and uranium. Because 
of their short range and limited penetrating power, 
alpha particles are absorbed by the epidermis or 
outer skin with no resulting change in living tissues, 
and hence do not present an external radiation haz- 
ard. On the other hand, alpha emitting materials 
constitute a serious and delayed internal radiation 
hazard if they are taken into the body through in- 
halation or ingestion, or through opcn wounds in 
the skin. 

7. Beta (B) particle-A posjtively or negatively 
charged putide emitted by certain radioactive sub- 
stanas. Although the range of beta particles is 
greater than that of alpha particles, they do not 
provide a serious external radiation hazard at dis- 
tances greater than a few feet from their source, As 
in the instance of alpha pattick, baa emitting ma- 
terials provide a serious internal radiation hazard 
if absorbed into the body through inhalation,. in- 

or nonexpGve employing nuclear mergy. 

which rpdiaetive rubstances M ~mployed primPr- 

gestion, ar open wounds. Clast contnct with a 
beta emitter or handling of btta contaminated ob- 
j a t s  with the bate bands can produce d o u 8  rpdir- 
tion dpnrpoe to the skin and immeditc underlying 
tistla. 

8. G- (7) MY-A pmehpting; iddble n- 
diation which trawls at the speed of light md i s  
emitted from tbc n d e i  of certain rpdiorme’atott~~. 
Gamma rays are similar in charPacr to X-rays, but 
are usually more penetrating due to their higher a- 
ergies. Gamma d a t i o n  constitutes a serious a- 
temal radiation hazard since it M be eountenctcd 
only by the intapacition of thick shielding material 
betwem the source and the ~~~SOI IDCI  to be pro- 
teed .  m, steel, concrete. and other common 
materials are capabk of reducing t k  intensity of 
gamma rays, thus providing varying degrecr of 
protection against this type of radiation. The de- 
gree of proteaio?l dorded is dependent ;poll the 
maaa of thc shielding material pnployed and the 
energies of the gamma rays. 

9. NlUkm-A nudear partide baring no net 
electrical charge Although neutrom do not have 
as great an effective range in air as gamma rays, they 
present a more dif6cult shielding problem, and cm- 
Sti tUte a serjons aternnl radiation hazard. 

10. Firsion-The pr- by which the nucleus 
of an atom breaks into two to four mab fragmmts, 

eral free neutrons. This pmcus i s  accompanied by 
the releas? of a tremendous amount of energy which 
is imparted to the fragments of the original nu- 
cleus and to the neutrons which are emitted. Fis- 
sion energy alx, is imparted to beta and gamma ra- 
diation. 

11. Fusion product-ih element produced as a 
result of nuclear fission. Fission products are radio- 
active and emit beta particles, gamma rays, and, in 
some instances, neutronr. 

12. UnfcrsMtud mated-Fissionable material 
which har not undergone fission. In the instance of 
an atomic bomb explosion, unfissioned material am- 
sists of that portion of the original bomb material 
which did not enter into the nudear reaction. Un- 
fissioned material is an alpha @de emitter. 

13. Isotopes-Two or more forms of the same 
element which have the game chemical properties, but 
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different atomic weights. Certain isotopes are un- 
stable or radioactive and, in the process .of radio- 
active decay to a stable isotope of the same element 
or a different element, emit one or more types of 
nuclear radiations. 

which may be produced in certain elements as the 
result of the capture of neutrons by these elements. 

15. Hdj-iije-A measure of rate of radioactivity 
decay. The half-life of a radioactive isotope is the 
period of time required for a given amount of that 
isotope to decrease to one-half its original amount as 
a result of natural radioactive disintegration. The 
half-life of a given isotope is a physical constant char- 

acteristic of that isotope, independent of the quantity 
of the isotope originally present, and unaffected by 
chemical changes and variations in temperature, pres- 
sure, etc. The half-lives of individual isotopes vary 
from fractions of a second to billions of years. 

14. Induced rud~wcfadpArtificiaI radioactivity 16. Photodosimehy--The use of photographic 
film to measure the total amount of ionizing radia- 
tion received over a given period of time. In gen- 
eral, photodosimetry operations include the use of 
personnel film badges, the developing of the film 
badges, and the determination, by means of photo- 
electric insmUnCnts (densitometers) or calibration 
charts, of the total amount of exposure recorded on . 
the film. 

. 
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APPENDIX B 
RESPONSIBILITIES OF CHIEFS OF 

TECHNICAL SERVICES 

1. Chief, Chemical C o w  a Developmen! 
of the o v e r 4  Army radiological defense organiza- 
tion. 

b. Formulation, ooordination, and promulgation 
of radiological defense training doctrine for the De- 
partment of the Army, accept for thox phases which 
pertain -tiaIly to the medical aspects of radio- 
logical defense. 

Technical advice pertaining to the training of 
the Army in radiological defense, and the conduct of 
special service schools required to qualify radio- 
logical defew personnel in conformity with the 
levels of training standardized by the Armed Forces 
Special Weapons Project, accept for those phases 
of the training program conducted under the super- 
vision of The Surgeon General, and the Chief Signal 
OBiCCr. 

d. Assistance to rhe offiec of the Chief, Army 
Field Forces, in the developmrnt af tactical doctrine 
for the field army, and in the training of unit radio- 
logical defense personnel. 

c. 

2. TheSurgeonGtnerd. a FormuLtionof 
Army-wide policies pertaining to the diagnosis, 
treatment (including patient decmtunination), evac- 
uation, and ~ I t r i l h i c n  of radiologid EMIplties. 

Administra tim of photodosimetry operations b. 
and records in conjunctiOn with the Army-wide sys-' 
tan of individd medical m r d s  and medid  sta- 
tistical nporting. 

c. Training of Army Medical Service personnel 
in the medical aspects of radiological defense and 
treatment of radiological casualties. 

3. Chief Signal mew. a Training of m- 
diologiql instrument maintenance personnel to per- 
form field and depot maint- oprrptions. 

b. Prepamtion of Departrnart of thc Army doc- 
trine on the care and we of el&c radiologid 
instruments. 
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APPENDIX C 

RADIOLOGICAL DEFENSE JOB DESCRIPTIONS 

Staff acldlological De2e11w OLBecr (Staff 
Chmiul Oarear). 

Note. The prewribcd duties of staff chajul offirrrs 
( S S N  7314) will bc up.ndsd to iqcluie the functions of 
raff ndiobgkd &fa o$kcrs, a i  i n d i d  Mow. 

Adoiser commands and Jtaff on radiologid de- 
fase masures. Supcrvixs and inspects, within 
limits p r c s c r i i  by the commander, the radiological 
defense training of dl units in the command; pre- 
pares tbe SOP for defense against radiological attack 
for the m m a n d ;  supervises, within limits pre- 
scribed by the commander, collective protective meas- 
ures, including the reconnoitering of areas subjected 
to radiological attack or suspected of being contam- 
inated with radioactive materials ; provides technical 
advise with respect to the isolation and/or decon- 
tomination of areas and matCriel foiltaminated with 
radioactive materials; examines captured radiological 
defense equipment, and collects and evaluates infor- 
matim comcmhg the status of enemy equipment 
aad training; advices commander regarding quantity 
and eondition of radiological defense equipment and 
supplies. 

Radiological Dtfense Engineer 

actlprciocvl @W. 
Noh. Th* proposed job description a m r s  a new military 

Swes as adviser .and technical expert on all mat- 
ters pertaining to the non-medical aspects of radio- 
logical defense. Pnpares general policies and in- 
structions relative to protection of personnel, facili- 
ti-, and matiriel from radiological attack, and co- 
ordinates such policies and instructions with radio- 
logical defenx programs of other governmental and 
civilian agencies; supervises and inspects radiological 
defense training of subordinate units, and insures that 
units comply with directives establishing standards of 
instrumentation and personnel training; advises sub- 
ordinate commsnds on tschnieal problems pertain- 
ing to radiological defense measures and techniques; 
directs and coordinates dforts of agencies providing 
relief and Dssistance to - subjected to radiologid 
attack, including the evaluation of the radiologid 
situation and the direction of decontamination opera- 
tions; aamints captured radiologid defense q u i p  
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mcnt, and evaluates information concerning status 
of many radiological weapons, defense quipnimt, 
and training. 

Badlological Defense Medical Om-. 
Notr. This pmporcd joh dewription o&rs a new military 

a w h m l  spuialty. 

Advises commander and staff on radiation hazards 
which may afTect his command. Evaluates internal 
and external h a r d 5  of all types of ionizing radia- 
tion and their respective biological &&s. Advises 
as to immediate, retarded and remote &ects of radia- 
tion exposures of various dosages received. Evaluates 
hazards of food and water contaminated with radio- 
active materials. Supervises preparation and pro- 
mulgation of necessary information on radioactive 
&ecb to lower echelons. Advises commander and 
staff on the medical aspects of the radiological train- 
ing program. 

Unit Radiologbl Defeme Officer (Unit Gas 
OfEcer). 

Note. In addition to the ~p defaw dutia described in 
FM 21-40, lmit gas offmrr will perfom tbe fincrianr of unit 
radiologid defense olfmr. as indicated Mow. 

Advises unit commander on radiological defenw 
matters. Trains unit troop officers and noncommis- 
sioned officers in radiological defense measures, and 
assists, or supervises and conducts 85 the commander 
may direct, the radiological defense training of the 
unit; prepares the unit SOP for defense against 
radiological attack ; assists in conducting regular 
inspections to determine adequacy of radiological 
defense training and the condition of protective 
equipment; advises in the care of protective quip- 
ment ; supervises unit radiological defense non- 
commissioned officers and radiological defense moni- 
tors in conducting reconnaissance of areas subjected 
to radiological attack or suspected of being con- 
taminated with radioactive materials; suggests 
methods of dealing with contaminated arcas and 
matCrid ; supervises decontamination operations as 
directed; collects information pertaining to enemy 
radiological defense quipment and activities ; advises 
unit commander regarding quantity and condition of 
radiological defense equipment and supplies : and 



supervises organizational maintenance of all such 
quipment and supplies. 

Unit Radlologierl Defense Noaeommisgloned 
Ofliesr (Unit Gm Noncommiraiond Oacer). 
NW. I n d d l t i m t o t h e p r d d ~ ~ d u c t i i m  

FY 214 ,  unit p a  ooncavninimcd o6ice-s will &arm 
thc fnrtipu of unit didagierl ddar nommmirsid 
omcas .I itdiuted below. 

Assists unit radiological defaue of6cer in per- 
forming his duties. Assists in tnining unit per- 
s o d  m methods of individual and cokt ive protec- 
tion to be employed in the event of radiological at- 
tack, arsistr in conducting periodic inspections to 
insure that all unit p e r m ~ d  are p r o p l y  informed 
and p d a e n t  in the application of ndiological de- 
fen= measures; demonstrates UK of d i t i o n  &- 
tection instruments and devices, supervises radio- 
logical defense monitors in surveying area subjected 
to radiological attack or suspatcd of being contam- 
inated With radioactive materials; CheJrS readings on 
dceimettrs periodically, and collect$ and transmits 
film badges used by uNt personnel to the prescribed 
agencies; assists in supervision of decontamination 
operations as directed, including prsrmnel decon- 
tamhation; maintains unit diok&al defense 
eqtlipnent and inspats quipmmt at periodic inter- 
vals to chedc condition and quantity. 

Radiological Defense Monitor. 
Note. Thin pmposed job dcxripibn mverr a new addi- 

rjaul duty asignmmt. 

Performs surveys, under suprvisim of unit radio- 
logical defense personnel, of areas subjected to radio- 
logical attack. Operates radiation detection instru- 
meotr and devices to detect prcsence of, and measure 
the intensity of, radiation in areas contaminated with 
r a d i d v e  materials. Takes and records instrunlent 
readings, reporting findings to unit ndiological de- 
fense personnel. Assists in decontamination opera- 
tions. as directed. 
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Radiological Instrment Ibpdnaalb 1 

Note This propod job dewriptb corm a new milibry 
o n u p a t i d  rpeialty. 

Installs, inspects, tests. calibrab, maintains, and 
repairs all types of radiological detection instruments. 
Inspeas and tests devices to detect a w e  of faulty 
operation. Locates trouble and makes nearsDty re- 
pairs Md adjustments on vsrtouS typs of SUNCY 
metas, dosimeters, and allied equipment Impro- 
vise or d e s  substitution8 for defective pprtr when 
exact rrpLmtMlta are not available 

Radiological Defense Madieat Laboratcrg. 
Oflicer. 

Note. Thir proposed job dtsuiptim c a w s  a new OECU- 
potimlal specialty. 

Selected MSC offiars, traincd at the postgraduate 
level in radio-ehemistry, biology, bi-y, and allied 
radiation fields, ad as supervisors in the bio-assiy 
laboratories of the Amy M e d i i  Service. 

Radiological Dcfenac Laboratory Technician 
(Medical). 

Noie. Thin p r o p o d  job daeripcioa cowm a MI m- 
p o t i d  specialty. 

Selected enlisted tahnicians of the Army Medical 
Service especially trained in techniques pcculiar to 
beassay laboratories, perform routine bio-assay 
work in Army Medicnl Service Ipboratories. 

Radiological Defansc Laborrtoq Technician 
(Non-Medical). 

Note. This pmposed job M p P j O n  myera a new occu- 
pational spcidty. 

Selected enlisted personnel, espeo'ally trained in 
radioshemistry analyses and radiation measurement, 
perform routine operations in laboratories assigned 
such functions. 

i 
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APPENDIX D 

ESTIMATED PERSONNEL REQUIREMENTS 
(Omitted) 

APPENDIX E 

RADIOLOGICAL DEFENSE TRAINING PLAN 
(omitted) 

APPENDIX F 

ESTIMATED TRAINING REQUIREMENTS 
(omitted) 
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